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PREFACE. 


The  original  design  of  the  author  of  the  following  pages  was 
to  present  a  mere  abstract  of  the  modern  discoveries  in  Natural 
Philosophy,  Chemistry,  and  Physiology,  in  the  most  popular 
form ;  but  in  attempting  such  an  abstract,  he  was  unayoidably 
led  to  a  minute  investigation  of  all  the  new  discoveries  of  Sir 
H.  Davy  in  Electro-Chemistry*  And,  these,  together  with 
what  is  stated  in  the  note  at  page  208,  forcibly  impressed  on  his 
mind  the  very  obvious  and  easy  solution,  which  the  doctrine 
of  the  electro-chemical  principles  offers  to  all  the  difficulties 
hitherto  attending  an  explanation  of  the  grand  operations  con- 
tinually going  on  in  the  material  Universe.  Instead,  therefore, 
of  giving  a  mere  outline  of  the  discoveries  and  hypotheses  of 
others,  he  was  irresistibly  led  to  use  those  discoveries  as  the 
foundation  and  support  of  what,  when  perfect,  he  conceives 
will  be  a  complete  system  of  Nature,  no  less  remarkable  for 
its  simplicity  than  its  grandeur ! 

As  he  traced  the  various  branches  of  his  system,  the  elucida- 
tion of  each  particular  part  threw  a  light  over  the  whole ;  so 
that,  where  conjecture  was,  at  firsts  the  utmost  limits  at  which 
he  could  arrive,  he  afterwards  attained  to  demonstrative  induc- 
tions, and  he  has  consequently  had  some  sections  to  re-write 
many  times.  And  as  some  parts  were  printed  before  others 
were  traced  to  their  present  length,  perhaps,  there  may,  even 
yet,  be  passages,  which,  if  the  author  had  them  now  to  correct 
for  the  press,  would  appear  under  an  improved  form.  However, 
he  does  not  know  any  particular  part  which  he  would  very 
materially  alter;  though,  perhaps,  he  could  point  out  some 
that  might  be  replaced  with  more  important  matter,  and  othe/s 
that  require  a  little  more  elucidation.  But  such  is  the  vast  de- 
sign, that,  had  his  efforts  been  crowned  with  the  most  complete 
success,  they  still  must  have  been  regarded  in  the  light  of  only 
a  mere  attempt. 
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With  respect  to  the  first  eight  chapters,  or  the  mechanical 
party  he  has  nothing  particular  to  remark ;  except  that,  to  sepa- 
rate, as  much  as  possible,  the  mechanical  from  the  chemical 
seems  to  possess  some  advantages :  for,  by  this  means,  the  sys- 
tem of  chemistry  is*  rendered  a  great  deal  more  concise,  simple, 
and  intelligible.  For  the  theory  of  Chemical  Affinity,  or  Electro- 
chemistry, the  anthor  is  indebted  to  the  splendid  discoveries 
of  Sir  H.  Davy.  He  is  not  aware  that  he  has  met  with  any 
direct  hint,  in  any  author  respecting  the  theory  of  gravitation 
and  planetary  motion ;  but  he  conceives  it  to  be  a  legitimate 
induction  from  his  premises,  and  strongly  corroborated  by  the 
passage  quoted  at  page  355.  The  theory  of  Light  and  Heat 
seems  a  plain  inference  from  that  of  planetary  motion,  or  rather 
from  the  same  premises ;  ^but,  perhaps,  men  of  more  sober> 
scientific  demonstration  may  denounce  it  as  a  mere  fancy,— it 
may  be  so  : — but  the  extract  from  Sir  H.  Davy,  will  shew  that 
the  theory  of  beat  is  not  entirely  new.  Electro-MagnetisBi  and 
Crystallrzation  may,  perhaps,  be  considered  as  partly  akin  to  the 
theory  of  Light ;  but  in  these  cases  the  author  wishes  rather  to 
point  out  the  field  of  future  discoveries,  than  to  pretend  that  he 
has  exactly  developed  the  principles  of  these  sciences : — ^yet^ 
he  flatters  himself,  that  the  whole  carries  with  it  an  air  of  pro- 
bability, sufiicient  to  shew  that  Nature  throughout  all  her  oper- 
ations is  equally  simple,  and  works  by  the  same  means,  only 
varied  a  liUle  according  to  circumstances. 

The  theory  of  Geology  is  founded  on  Sir  W.  Herschel's 
observations  on  nebula,  and  the  known  laws  of  the  electric 
energies  as  displayed  in  the  mechanical  properties  of  caloric. 
Though  the  author  has,  since  it  was  planned,  frequently  met 
with  hints  of  its  principles,  as  in  Bakewell's  Introduction  to 
Geology,  also  iu  Knight's  New  Theory  of  the  Earth ;  yet,  he  is 
not  aware,  that  it  was  ever  before  attempted  to  supply  the  in- 
terval between  the  observations  on  nebulas  and  the  present 
phenomena  in  the  stratification  of  the  earth's  shell,  or,  thence  to 
account  for  the  many  revolutions  to  which  the  surface  of  our 
planet  has  been  subject  The  principles,  on  which  the  theory 
of  Meteorology  are  founded,  arc  so  obvious,  that  it  is  surprising 
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dkey  irere  nerei*  piointed  ont  before.  With  respect  to  the  theories 
of  Vegetatioii  and  Aniualtzation  the  facts  and  experiments  must 
bear  them  oat;  thongh  Reece  lays  down  the  electro-principles 
of  mnscular  motion  in  his  Introduction  to  the.  Medical  Guide* 

Had  the  author,  in  the  body  of  the  work,  mentioned  all  the 
books  to  which  he  has  had  recourse,  and  distinctly  assigned  to 
each  author  his  right,  the  pages  must  have  been  clogged  with 
names  and  references.  Besides,  as  he  has  been  for  some  time  col- 
lecting what  suited  his  purpose  from  nearly  all  the  Scientific  Jour- 
nals of  the  present  day,  he  could  not,  now,  if  he  would,  assign  to 
each  his  own.  But  though  he  enriched  his  note-book  with  de- 
tached passages  from  a  multitude  of  sources,  yet  there  are  some 
autiiors  whose  works  he  has  used  in  a  less  resenred  manner. 
Among  these  must  be  mentioned,  in  the  first  place,  Parkes' 
Chemical  Catechism,  Outlines  of  the  Geology  of  England  and 
Wales  by  Conybeare  and  Phillips,  also  Phillips'  Introduction 
to  Mineralogy.  On  Astronomy  and  the  other  sciences  of 
Natural  Philosophy,  were  consulted  Squire's  Grammar  of  As- 
tronomy, Blair's  Grammar  of  Natural  and  Experimental  Philo- 
sophy, Playfair's  Outlines  of  Natural  Philosophy,  Walker's 
Experimental  Philosophy,  Imison's  Elements  of  Science  and 
Art,  and  Joyce,  also,  the  Encyclopaedia  Perthensis,  and  Hall's 
Dictionary  oi  the  Arts  and  Sciences.  On  Electricity,  and  Che- 
mistry, Sir  II.  Davy's  Elements,  Thompson's  System  of  Che- 
mistry, and  the  elegant  little  work  called  Conversations  on 
Chemistry  were  referred  to,  with  many  others  which  the  author 
met  with  in  the  Library  of  the  Philosophical  Society  of  New- 
castle-upon-Tyne. Besides  some  of  these  popular  works,  he 
used  on  Magnetism,  Barlow's  Magnetic  Attractions,  and  the 
Encyclopaedia  Metropolitana.  Polehampton's  Gallery  of  Nature 
and  Art  has  also  been  a  fertile  source  of  information.  On 
Vegetable  Economy  he  has  been  chiefly  indebted  to  the  writers 
on  Chemistry ;  and  for  the  Mechanism  of  the  Human  Frame 
and  Animal  Economy,  Hooper's  Anatomy,  Paley's  Theology, 
and  some  other  more  popular  works  have  been  used.  On  the 
science  of  Geology,  be  has  consulted  Bake  well.  Knight's  New 
Theory  of  the  Earth,  Macculloch,  Buckland,  Humboldt,  with 
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some  of  the  decided  Hattonians  and  WerneriaiiB,  and  the 
Transactions  of  the  Geological  Societies.  Besides  these,  are 
gleanings  from  Tarious  sources,  some  of  which  are  mentioned 
in  the  course  of  the  work. 

The  author's  aim,  as  i(  respects  the  arrangement,  was  to  at- 
tempt one  regular  system  of  the  laws  and  operations  of  Nature ; 
and  therefore,  the  sciences  are  disposed  accordingly.  But  by 
these  means  they  are  made  to  elucidate  each  other;  and  the 
reader  is  thus  led  on  by  easy  steps  to  a  knowledge  of  the  foun- 
dation of  all  the  Arts  and  Sciences,  while  he  perhaps  imagined 
himself  only  in  the  pursuit  of  the  mere  laws  of  Nature.  Hence 
the  author  has  greatly  mistaken  his  intentions  if  he  has  not  very 
much  smoothed  the  path,  and  shortened  the  distance  to  a  per- 
fect knowledge  of  the  whole  circle  of  Science  and  Art. 

But  besides  the  elucidation  of  Science  and  the  display  of 
Nature,  he  had  another  object  in  view;  viz.  to  shew  that  there 
is  nothing  in  the  material  world  which  can  possibly  favour  the 
doctrine  of  Materialism.  ^*  In  all  cases,''  says  Paley,  **  wherein 
the  mind  feels  itself  in  danger  of  being  confounded  by  variety^ 
it  is  sure  to  rest  upon  a  few  strong  points^  or  perhaps  upon  a^ 
single  instance."  That  luminous  author  fixed  upon  some  curi- 
ous contrivances  in  the  human  frame ;  the  author,  in  the  pre- 
sent instance,  takes  his  stand  in  the  wide  gap  between  Matter, 
Life,  and  Mind ;  and  supposes  that  he  has  shewn,  even  while 
he  was  only  engaged  with  the  material  world,  how  impossible 
it  is  to  explain  the  operations  of  Life  by  the  mere  energies  of 
matter, — much  less  those  of  mind :  and  that,  whatever  the 
Materialist,  Atheist,  or  self-stiled  Deist,  advances  to  keep  him- 
self in  countenance  when  he  would  decry  Revealed  Religion, 
there  is  nothing  in  the  material  world  which  he  can  lawfully 
advance. 

Harty  Durham, 
March  Ut,  1825. 
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h    ASTRONOMY. 

1.  AiTRONOMY.  2.  The  objects  of  Astbonomy.  3.  The  Solae  Sys* 
TM  DBniiEO;  4.  The  Ecliptic  and  Zodiac.  5.  Real  ahd  appaeent 
motion  of  the  Smr  and  infbeioe  Planets.  6.  Real  and  appaeent 
motion  of  the  superior  planets.  7.  The  Secondaey  Planets  oe 
Satellites- 

Astronomy  is  the  moat  flablim^  and  deUglitful  of  all  the 
wienceft.  It  raises  the  mind  of  man  from  caloulatiog  his  steps 
upon  the  surface  of  the  planet  he  inhabits,  to  ascertain  the 
track,  measure  the  distance,  and  grasp  the  balk  of  those  he  sees 
wandering  through  the  skies.  Instead  of  merely  rejoieii^  in 
tte  cheering  influence  of  the  sun  that  warms  and  invigorates 
ills  frame,  Astronomy  enables  him  to  enjoj  a  perpetual  mental 
feait,  in  contemplating  the  many  worlds  the  sun  dispenses  life 
to  besides  his  own*  In  the  absence  of  the  solar  ray,  he  sees 
a  son  in  every  fixed  star,  calculates  the  number  of  worlds 
eteh  one  enlivens,  and  sympathises  wtUi  their  inhabitants. 

But  what  are  the  few  stars  he  sees  with  the  naked  eye» 
tottpared  wiUi  those  which  the  piercing  sweep  of  the  telescope 
^teets  in  the  fathomless  abyss  of  the  heav^ui!  In  this  illimi- 
tiUe  space,  he  is  overwhelmed  with  the  vast  idea  of  the  plenj* 
Me  of  Creation.  His  mind  eiAer  recoQs  upon  itself,  stunned 
with  the  conviction  of  its  own  impoteney,  or  seeks  for  rest 
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upon  the  invigorating  contemplation  of  the  Wisdom,  Power » 
and  Goodness  of  the  Great  Creator. 

Hence,  though  the  science  of  Astronomy  sets  out  with  such 
lofty  pretensions,  it  has,  of  all  the  sciences,  the  greatest  ten- 
dency to  humhle  the  proud  and  arrogating  spirit  of  man.  For 
it  teaches  him,  that  with  all  his  ingenuity  and  collected  wisdom, 
— and  even  with  his  hoasted  telescope,  he  in  reality  has  no  more 
just  claim  to  a  knowledge  of  the  universe,  than  an  illiterate 
person,  who  had  never  heen  heyond  the  walls  of  a  dungeon,  or 
had  seen  more  of  what  was  passing  on  the  faCe  of  the  earth 
than  he  could  perceive  through  his  grated  window,  would  have 
to  what  we  call  a  knowledge  of  the  world. 

Yet,  however  small  the  portion  of  the  universe  may  he  with 
which  we  can  possibly  become  acquainted,  it  is  to  Astronomy 
we  owe  the  knowledge  of  that  portion;  and  from  what  we  know 
of  it,  we  presume  to  form  conjectures  concerning  the  rest  To 
Astronomy  we  are  indebted  for  an  acquaintance  with  the  me- 
chanism and  laws  of  our  planetary  system;  with  the  nature  and 
cause  of  day  and  night ;  the  vicissitudes  of  the  seasons ;  the 
eclipses  of  the  sun  and  moon,  with  the  changes  of  the  latter; 
and  with  several  other  natural  phenomena,  of  the  real  cause  of 
which  the  ancients  were  totally  ignorant.  Indeed,  some  of 
these  natural  occurrences,  as  an  eclipse  or  the  advance  of  a 
comet,  frequently  filled  them  with  the  most  dreadful  apprehen- 
sions of  impending  calamities.  Astronomy  has  delivered  us 
from  such  vain  fears.  And,  besides  its  extending  the  sphere 
of  human  knowledge,  and  giving  us  nobler  conceptions  of  the 
Deity  from  a  contemplation  of  the  magnificence  of  his  works, 
it  has  taught  us  to  brave  the  trackless  ocean;  to  make  the  pro- 
ductions of  every  climate  our  own;  and  to  spread  all  the  conve- 
niences and  luxuries  of  life,  as  weU  as  knowledge  human  and 
divine,  over  the  face  of  the  whole  earth. 

2.     THE  OBJECTS   OP  ASTRONOMY. 

The  earth,  mooui  sun,  stars  and  comets  are  properly  the 
objects  of  the  science  of  Astronomy.  The  stars  are  of  two 
kinds :  planets  and  Jixed  stars.  The  latter  never  change  their 
situations  in  the  heavens ;  but  the  former  are  continuallj^  in 
motion;  hence,  they  are  called  planets  or  wanderers.  They 
may  be  seen  travelling,  like  the  moon  but  not  so  rapidly,  among 
the  fixed  stars  towards  the  east    They  are  of  the  same  nature 
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as  the  earth;  and  like  the  earth,  encircle  the  ton.  These 
planets,  together  with  the  earth  which  is  also  a  planet,  and  the 
sun  and  moon,  form  what  we  call  our  Solar  System. 

In  common  language  we  would  say,  that  the  bodies  which 
compose  our  Solar  System,  are  at  an  immense  distance ;  but 
in  the  language  of  Astronomy,  or  compared  with  the  fixed  stars, 
they  are  in  our  immediate  neighbourhood.  It  is  true,  the  dis- 
tance of  all  of  them,  except  the  moon,  is  always  spoken  of  in 
millions  of  miles;  but,  the  distance  between  the  solar  system 
itself  and  the  fixed  stars,  even  the  nearest  of  them,  is  always 
represented  in  millions  of  millions  of  miles.  And  the  fixed 
stars  are,  perhaps,  all  at  as  great  a  distance  from  each  other* 
Consequently,  our  solar  system  is  completely  detached  from  the 
fixed  stars;  so  that,  in  the  science  of  Astronomy  we  hare  no 
more  to  do  with  them,  than  merely  to  guess  at  their  immense 
distances;  or  use  them  as  marks  to  point  out  the  situations  and 
tracks  of  the  planets. 

The  planets  are  divided  into  two  classes,  primary  and  secondary. 
The  primary  planets  move  round  the  sun  as  a  centre.  They 
are  seven  in  number;  and  their  names,  as  well  as  the  charac- 
ters by  which  they  are  often  represented,  are  as  follows: — 
Mercury  g .  Venus  ?  .  Terra,  of  the  Earth  ©.  Mars  S  • 
Jupiter  It-.    Saturn   ^.     Uranus  9. 

Between  Mars  and  Jupiter  have  lately  been  discovered  by  the 
assistance  of  the  telescope,  four  planetary  bodies ;  which,  on 
account  of  their  diminutiveness,  are  not  deemed  worthy  of  being 
classed  among  the  planets.  They  are  consequently  distinguished 
by  the  term  Asteroids,  Their  names  are  Vesta  J!}.  Juno  ^  • 
Ceres  7  •  and  Pallas  ^  . 

The  i^econdary  planets,  called  also  SateUites,  move  round  the 
primary  planets  as  their  centres,  nearly  in  the  same  manner  as 
the  primaries  encircle  the  sun.  They  are  eighteen  in  number ; 
but  only  one  is  visible  to  the  naked  eye ;  viz.  the  moon  which 
accompanies  the  earth.  Jupiter  has  four  satellites,  Saturn 
seven,  and*  Uranus  six. 

Before  we  attempt  to  explain  the  motions  of  the  planets,  it 
may  be  necessary  to  remark,  that  the  utmost  extent  of  space, 
including  the  works  of  the  Almighty,  cannot  be  reached  by  the 
imagination  of  man ;  much  less  can  it  be  defined  by  numbers  :  so 
that,  a  million  of  miles  withrHim,  are  as  indifierent  as  a  hair's 
breadth  with  us;  and  the  number  of  stars  in  the  universe,  though 
we  cannot  see  more  than  a  thousand  at  once  with  the  naked  eye, 
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w<mld  be,  were  the  whole  yisible,  no  less  difficult  U>  count,  thAQ 
the  grains  of  sand  in  the  whole  earth. 

In  the  language  of  Astronomy  the  terms  above  and  beloWf 
hare  only  reference  to  ourselves  as  standing  upon  the  earth. 
We  always  say  the  earth  is  beneath  our  feet ;  but  as  the  earth 
and  not  the  heavens,  as  will  hereafter  be  shewn,  turns  round^ 
it  is  evident,  that  if  our  heads  at  noon  point  to  any  particular 
place  in  the  skies,  at  midnight  our  feet  will  point  to  that  place; 
consequently,  with  respect  to  it,  we  might  be  said  to  walk  with 
our  feet  upwards. 

Although  the  fixed  stars  seem  to  be  placed  in  the  firmament  at 
an  equal  distance  with  the  moon  and  planets,  they  are  in  reality, 
as  we  have  already  stated,  farther  from  us  by  millions  of  millions 
of  miles ;  and  all  of  them  perhaps  at  as  great  a  distance  from 
each  other  as  from  us,  stretching  on,  one  beyond  another,  far« 
ther  than  the  imagination  can  follow  them.  This  optical  decep* 
^on,  in  their  appearing  all  studded  round  the  inside  of  a  large 
basin  turned  over  our  heads,  so  as  to  form  the  lofty  vault  of 
the  skies,  is  owing  to  our  viewing  them  through  the  atmosphere ; 
and  seeing,  on  account  of  their  great  distance,  only  a  very 
small  portion  of  the  light  which  they  emit. 

3.  THE  SOLAR  SYSTEM  DEFINBD. 

The  Sun  q,  for  the  present,  we  shall  call  a  globe  of  light 
and  heat.  This  globe  is  so  large,  that  to  measure  its  diameter 
would  take  almost  9(K»,000  miles,  or  nearly  3}  times  the  distance 
of  the  moon;  so  that,  in  magnitude,  it  is  almost  a  million 
and  a  half  times  larger  than  the  globe  we  inhabit.  This  stu« 
pendous  mass  is  suspended  by  the  hand  of  the  Almighty  upon 
Nothing. 

Conceive  then  this  body  placed  in  the  centre ;  and  sending 
forth  light  and  heat  to  a  distance  all  around  of  at  least  2,000 
millions  of  miles.  Within  the  field  of  this  light  and  heat  are 
placed  the  planets,  at  various  distances  from  the  sun  one  beyond 
another  nearly  in  the  same  plane;  or  so,  that  a  line  drawn  from 
the  solar  centre  would  almost  touch  all  their  paths. 

These  planets  or  worlds  are  all  encircling  the  sun  as  a  centre 
with  a  velocity  that  is*  almost  inconceivable :  some  of  them  moving 
nearly  three  hundred  times  swifter  than  a  cannons-ball.  But 
on  account  of  their  various  distances  from  the  sun,  the  courses 
which  they  travel  are  of  different  lengths ;   and  consequently 
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a  different  space  of  time  is  requisite  whereiu  to  make  a  complete 
revolution.  Their  motion  is  from  west  to  east,  or  contrary  to 
the  apparent  motion  of  the  sun.  Their  diameters,  tlieir  Jr-- 
tances  from  the  sun,  their  hourly  progress,  and  the  periodical 
times  of  their  revolutions,  are,  in  round  numhers,  as  follows. 


niuMtcrla  MQct. 

Dii.  from 

San  in 

mniioaior 

Honriy 
ProffitM 
in  miles. 

TlmeofKetolaUon. 

Mercury    3,130 
Venus        7,700 
Earth         7,914 
Mars          4,200 
..  r  Vesta 
J  J  Juno 
1  )  Ceres     162 
^  t  Pallas    147 
Jupiter    91,000 
Saturn    77,680 
Uranus    34,170 

36 

68 

96 

144 

226 

263 

262 

202 

494 

906 

1,822 

109,442 
80,062 
63,092 
66,162 
44,202 
41,170 
40,932 
40,930 
29,866 
22,060 
16,646 

87  Days.    23  Hrs. 
224    ^        16     — 
1  Year. 

1    —     321  Days. 

3Yrs.    240    — 

4    —     131)    — 

4    —     220    — 

4    — «     220     — 

11    —     314    — 

29    —      167    — 

84    —         7     — 

For  a  more  exact  statement,  see  table  at  the  end  of 
Chap.  IV. 

On  account  of  the  immense  distances  of  the  planets  from  the 
son,  it  is  impossible  to  give  any  just  idea  of  those  distances, 
snd  their  proportional  magnitudes  in  the  same  figure  drawn 
upon  paper.  Fig.  1.  is  a  representation  of  the  Solar  System ; 
but  in  it  even  the  sun  is  only  a  mere  point.  And  indeed,  if  we 
had  a  figure  of  a  mile  diameter,  it  would  only  allow  the  sun's 
diameter  to  be  about  fifteen  inches ;  and  the  earth's  not  more 
than  one  seventh  part  of  an  inch.  Hence  most  of  the  figures, 
found  in  books  of  Astronomy,  intended  to  illustrate  these  pro* 
portions,  serve  in  general  to  perplex  rather  than  assist  the 
understanding. 

The  planets  between  the  earth  and  sun,  Venus  and  Mercury, 
are  caUed  the  inferior  planets ;  and  those  beyond  the  earth,  as 
Mars,  Jupiter,  Saturn,  and  Uranus  are  the  wpericr  planets. 

4.      THB  SCUPTIC  AND  ZODIAC. 

Suppose  a  line,  as  that  called  the  line  of  direiction,  Fig.  1. 
to  pass  through  the  centres  of  the  earth  and  sun ;  and  to  oon- 
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Unae  indefinitelyy  in  each  direction,  among  the  fixed  stars. 
This  line,  being  carried  all  round,  as  the  earth  travels  round  the 
sun,  would  describe  a  circular  plane,  as  in  the  figure.  This 
imagiuary  plane,  is  called  the  plane  of  the  earth's  orbit;  and  the 
place,  where  the  extended  line  passes  through  or  cuts  the  fixed 
stars  all  round  the  sky,  is  called  the  Ecliptic.  The  plane  of  the 
earth's  orbit  and  the  plane  of  the  ecliptic  are  the  same. 

The  Zodiac. — Each  of  the  planets  likewise  has  a  plane  of  its 
orbit;  but  these  planes  do  not  coincide  as  they  are  repre- 
sented to  do  in  Fig.  1  •  The  lines  passing  from  the  sun's  cen« 
tre  through  the  centre  of  each  planet,  will  be  either  on  one  side 
or  the  other  of  the  ecliptic.  And,  as  the  planes  all  make  difierent 
angles  with  the  plane  of  the  earth's  orbit,  so  no  two  can  be  in 
the  same  plane.  The  planets,  therefore,  as  may  be  seen  by 
Fig.  2.  will  sometimes  be  at  one  side  of  the  ecliptic,  sometimes 
upon  or  crossing  it,  and  sometimes  at  the  other  side.  They 
will  dilate  the  line  of  the  ecliptic  on  each  side  into  a  zone: 
Mercury  going  the  widest  and  the  moon  the  next  This  zone 
is  called  the  Zodiac.  Though  Mercury  never  goes  wider  than 
seven  degrees  on  each  side  of  the  ecliptic  ;  the  zodiac  is  never- 
theless dlowed  in  Astronomy  to  extend  to  eight  degrees,  mak- 
ing the  whole  zone  all  round  the  heavens  sixteen  degrees. 
However  some  of  the  Asteroids,  especially  Pallas,  have  a 
much  wider  range. 

For  the  sake  of  convenience  the  Ecliptic  or  Zodiac  is  di- 
vided into  twelve  parts  called  signs;  and  as  every  circle  is 
divided  into  360  degrees,  each  degree  into  60  miles  or  minutes,  and 
each  minute  into  60  seconds ;  so  each  sign  contains  SO  degrees, 
as  represented  in  the  Solar  System,  Fig.  1.  The  names  and 
characters  of  the  signs  are  as  follows:  Aries  cy).  Taurus  u. 
Gemini  n.  Cancer  25.  Leo  SI.  Virgo  15^.  Libra  s£^- 
Scorpio  nt.  Sagittarius  /.  Capricomns  >f.  Aquarius  cr. 
Pisces  K-  The  former  six  are  called  northern  signs,  and 
the  latter  southern. 

Nodes. — Each  planet  in  every  revolution  passes  through  the 
plane  of  the  earth's  orbit,  or  crosses  the  ecliptic  twice.  The 
places  where  a  planet  crosses  the  ecliptic  are  called  its  nodes. 
The  one  where  it  crosses  northwards  is  called  the  ascending 
node;  and  the  other,  where  it  recrosses  to  the  south,  the 
descending  node.  A  line  joining  the  two  nodes  is  called  the 
line  of  the  nodes.  When  a  planet  has  passed  the  ascending 
node,  it  inclines,  for  one  quarter  of  its  revolution,  northward. 
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it  is  then  said  to  be  in  northern  latitude ;  and  the  distance  is 
calculated  in  degrees  from  the  ecliptic.  It  then  recedes 
through  another  quarter  of  its  revolution;  at  the  expiration 
of  which,  it  passes  its  descending  node ;  and  is  in  southern 
latitude  during  the  remaining  half  of  its  revolution. 

As  Fig.  1.  represents  the  plane  of  the  ecliptic,  and  Fig.  2.  a 
vertical  section  of  it,  above  the  surface  of  the  paper  in  Fig.  1. 
is  northern  latitude;  and  this  half  of  each  planet's  orbit  is 
represented  by  a  black  line;  and  below  the  surface  is  southern 
latitude,  represented  by  a  dotted  line.  But  in  Fig.  2.  the  side  of 
the  line  marked  "  The  Ecliptic"  towards  the  upper  part  of  the 
page,  but  upon  the  surface  of  the  paper,  is  northern  latitude^ 
while  the  lower  side,  upon  the  surface  of  the  paper,  is  southern 
latitude.  Where  the  dotted  line  ends  Fig.  1.  and  the  black  line 
begins  is  the  ascending  node ;  and  .where  the  black  line  termi- 
nates and  the  dotted  line  commences  is  the  descending  node. 
The  planets  move  in  the  order  of  the  signs;  that  is,  from  Aries, 
to  Taurus,  Gemini,  &c. 

Were  all  the  planets  at  any  time  in  a  line  with  the  earth 
at  one  side  of  the  sun,  that  is,  all  in  conjunction  with  the  earth;  it 
would  be,  omitting  Uranus,  280,000  years  before  they  would  be 
again  in  a  similar  situation :  consequently,  we  may  infer  that 
all  of  them  were  never  at  the  same  time  in  conjunction  with 
the  earth ;  nor  perhaps  ever  will  be.  We  shall  therefore 
always  find  them  dispersed  in  different  parts  of  the  zodiac ; 
and  as  they,  as  well  as  the  earth,  are  continually  in  motion,  no 
general  rule  for  finding  them  can  be  given.  Their  exact  posi- 
tions, every  day  in  the  year,  are  stated  in  the  Nautical  Almtmack, 
also  in  White's  Ephemeris:  which  publications  contain  every 
information  of  this  kind,  necessary  for  the  practical  astronomer. 
The  situations  of  the  seven  primary  planets  are  given  in  Fig.  1. 
which,  in  this  respect,  represents  the  solar  system  at  the  com- 
mencement of  the  spring  quarter,  when  the  sun  enters  Aries 
on  the  2l8t  of  March  1824. 

6,      REAL  ANP  APPARENT  MOTION  OF  THE  SUN  AND 
INFERIOR  PLANETS. 

To  derive  any  great  advantage  from  the  assistance  of  Fig.  1. 
the  reader  should  imagine  straight  lines  from  the  earth,  through 
each  of  the  planets  to  the  ecliptic :  where  these  lines  cut  the 
ecliptic  is  the  place  where  he  will  actually  see  the  planets  in 
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the  flkies.  Thii  ia  called  their  geocentric  position ;  and  it  very 
different  from  their  real  sitnationy  as  determined  by  a  line  passing 
from  the  snn's  centre  through  the  centre  of  each  of  them,  till  it 
terminates  among  the  fixed  stars*  This  last  is  their  heHocemiric 
place. 

Though  the  son  is  stationary  in  the  centre;  yet,  as  the  earth 
is  moving  round  in  its  orbit,  the  earth  seems  to  be  stationary 
while  the  sun  appears  to  move  along  the  opposite  side  of  the 
.  ecliptic ;  as  when  we  sail  in  a  boat  or  ride  in  a  carriage,  the 
boat  or  vehicle  seems  to  stand  still,  while  the  shore  and  sur* 
rounding  objects  appear  to  pass  behind  us.  Thus;  when  the 
earth  enters  Libra,  the  sun  appears  to  enter  Aries ;  and  always 
seems  to  be,  with  respect  to  the  signs,  directly  opposite  the 
earth. 

By  lines  drawn  from  the  earth  through  all  parts  of  the  orbits 
of  the  inferior  planets  it  will  be  seen,  that  these  planets  must 
always  remain  near  the  sun.  When  they  are  at  the  greatest 
distance  from  the  sun,  on  either  side,  they  are  said  to  be  at  their 
quadraimres  ;ihAi  is,  they  are  a  quarter  of  a  circle,  or  one  fourth 
part  of  a  revolution  before  or  behind  the  earth.  When  they  are 
in  a  line  with  the  earth  and  sun,  they  are  said  to  be  in  cofi;iiiio- 
#»ofi.  If  they  are  beyond  the  sun,  it  is  called  their  tuperior  con- 
junction, or  oppotUiom:  but  if  between  the  earth  and  sun,  it  is 
the  mferior  conjunction. 

When  the  inferior  planets  are  at  their  superior  conjunction, 
they  seem  to  move  forward  along  the  signs ;  and  their  motion 
is  said  to  be  direct*  But  when  these  planets  are  at  their  inferior 
conjunction,  their  motion  appears  to  be  contrary  to  the  order 
of  die  signs ;  and  they  are  then  said  to  be  retrograde.  And  when 
they  are  at  the  quadratures,  they  seem  to  stand  still,  and  are 
then  said  to  be  OatiotHury. 

The  reader  will  readily  perceive  by  inspecting  Fig.  I.  that» 
while  the  inferior  planets  are  at  or  near  their  inferior  conjuno* 
tions,  his  eye,  while  viewing  them  from  the  earth,  will  refer  thenr 
to  a  directly  opposite  sign  to  that  they  are  in.  Thus ;  suppose 
Venus  nearly  in  a  line  between  the  earth  and  sun,  she  will  evi- 
dently  be  in  the  same  sign  of  the  ecliptic  wjth  the  earth ;  but  the 
eye  of  an  observer  placed  on  the  earth,  would  refer  her  to  the 
opposite  side  of  the  ecliptic.  And  as  she  proceeds  diteUltf  along 
the  signs  on  this  side  of  the  ecliptic,  she  will  appear  to  move 
contrary  to  the  order  of  those  on  the  opposite  side. 
The  distance  that  an  inferior  planet  appears  from  the  sun,  at 
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either  side  of  him  id  called  its  eUmgatum.  When  at  the  quadra- 
tures, the  elongations  are  the  greatest.  The  greatest  elongation 
of  Venus  is  47  deg.  48  m. ;  and  that  of  Mercury  28  deg.  20  m. 
Hence  Venus  is  seldom  above  the  horizon  more  than  3  hours 
before  or  after  the  sun  rises  or  sets;  and  Mercury,  little  more 
than  \\  hrs. ;  and  they  canonly  continue  so  for  a  few  days. 

These  planets,  in  moving  round  the  sun,  will  sometimes 
when  they  are  at  the  superior  conjunctions,  be  hid  behind  him; 
and  Venus  will  then  pass  behind  Mercury ;  but  when  they  are 
at  the  inferior  conjunctions,  Mercury  will  pass  behind  Venus. 
All  the  planets,  as  well  as  some  of  the  fixed  stars,  occasionally 
pass  behind  the  moon.  Such  occurrences  are  called  occit/- 
lo/toiM. 

The  inferior  planets  will  also  sometimes  be  in  a  direct  line  be- 
tween the  earth  and  sun ;  when  they  will  be  seen  to  pass  over 
the  8un*s  disc :  an  occurrence  of  this  kind  is  called  a  tnmHU 
But  transits  very  rarely  happen. 

By  the  assistance  of  fig.  2 ;  and  a  recollection  of  what  was 
said  in  section  3.  respecting  the  proportional  magnitudes  of  the 
ton  and  planets,  with  respect  to  their  distances;  and  also  what 
b  said  above  of  their  elongations ; — it  will  readily  be  perceived, 
that  when  Mercury  is  on  either  side  of  the  ecliptic,  a  line  from 
the  earth  continued  through  the  planet  towards  the  fixed  stars, 
would  not  touch  the  sun :  so  that,  Mercury,  in  either  of  its 
conjunctions,  instead  of  being  hid  behind  the  sun  or  crossing  the 
solar  disc,  would  be  seen  above  the  sun  at  the  one  conjunction, 
and  below  him  at  the  other.  The  elevation  or  depression  will 
be  the  greatest  when  th^  nodes  are  at  the  quadratures. 

But  should  the  earth  happen  to  be  at  one  of  these  nodes  while 
^e  planet  is  at  it,  namely,  at  its  inferior  conjunction,  the  planet 
will  then  be  seen  to  pass  directly  over  the  centre  of  the  solar 
disc :  and  if  viewed  through  a  telescope  will  appear  like  a  black 
spot  upon  it.  Should  the  conjunction  not  be  exacdy  at  the  node, 
but  within  a.  certain  distance,  (if  Venus  within  \\  deg.),  there 
will  nevertheless  be  a  transit;  but  the  planet  will  cross  the 
solar  disc  either  above  or  below  the  centre,  according  to  the 
distance  of  the  conjunction  from  the  node.  Hence,  there  may 
be  many  transits  all  partially  difiering  from  each  other. 

Now  when  there  has  been  a  transit  of  the  planet  Venus,  if 
she  took  exactly  the  same  time  to  revdlve  round  the  sun  that  the 
earth  takes,  we  should  have  a  transit  every  half  year ;  namely, 
every  June  and  December,  at  which  seasons  it  maj  be  seen  by 
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Fig.  1.  the  earth  id  at  this  planers  nodes.  Bat  as  the  periodical 
reTolation  of  the  earth  is  greater  hy  140  days  than  that  oiVenns ; 
at  the  end  of  half  a  year,  when  the  earth  comes  to  the  other 
node,  instead  of  Venus  being  thereat,  she  is  one  quarter  of  a 
revolntion  past  it ;  and  is  at  the  quadrature  instead  of  the  con* 
junction.  It  must  therefore  be  some  years  before  another  tran- 
sit of  Venus  can  possibly  occur.  The  nearest  transits  to  our 
times  were  in  the  years  1639,  1761,  1769,  and  the  nextwiU  be 
December  8th,  1874. 

Mercury's  transits  sometimes  occur  at  the  end  of  6  years ; 
oitener  at  the  end  of  7 ;  and  frequently  at  the  end  of  13,  90,  or 
46  years.  The  last  was  November  6th,  1822;  and  the  next  will 
be  in  1832. 

^.  REAL  AND  APPARENT  MOTION  OF  THJS  SUPERIOR 
PLANETS. 

The  inferior  planets  are  always  to  be  found  near  the  sun, 
which  proves  that  their  orbits  are  between  the  earth  and  the 
sun.  But  we  may  sometimes  see  the  superior  planets  rising 
while  the  sun  is  setting,  or  on  the  meridian  at  12  o'clock  at 
night,  when  the  sun  is  beneath  the  earth:  in  both  cases  the  earth 
must  be  between  the  sun  and  the  planets ;  and  therefore  the 
superior  planets  must  be  farther  from  the  sun  than  the  earth. 

When  a  superior  planet  is  on  the  same  side  of  the  sun  with 
the  earth,  it  is  said  to  be  in  eonjunetian  with  the  earth ;  but  it  is 
in  oppotitum  to  the  ncft.  And  when  it  is  heyond  the  sun,  being 
then  farther  from  us  by  all  the  width  of  the  earth's  orbit,  it  is  in 
amjttnctian  with  the  nut,  but  in  opponttan  to  the  earth.  When  it 
is  half  way  between  these  points,  it  is  in  its  quadratures. 

The  apparent  motions  of  the  superior  planets  are  direet  when 
in  conjunction  with  the  sun ;  retrograde,  when  in  conjunction 
with  the  earth ;  and,  at  certain  points  between  their  conjunctions 
with  the  earth  and  quadratures,  they  are  stationary. 

Jupiter,  for  instance,  is  retrograde  when  in  conjunction  with 
the  earth:  he  then  rises  while  the  sun  sets.  At  the  end  of  about 
60}  days  he  is  stationary ;  and  afterwards  his  motion  is  slowly 
direct.  At  the  end  of  about  89  days  he  is  at  the  quadrature ; 
eastward  of  the  sun ;  on  the  meridian  while  the  sun  is  setting ; 
and  an  evening  star.  In  about  99  days  more  he  is  in  conjunc- 
tion with  the  sun,  when  His  direct  velocity  is  the  greatest.  The 
sun  and  planet  then  rise  together,  and  therefore  the  latter  ii 
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infisible.  Bat  at  the  end  of  near  9^  days  more  Japiter  i«  again 
at  the  quadrature ;  westward  of  the  sun ;  a  morning  star ;  and 
on  the  meridian  while  the  sun  is  rising.  At  the  end  of  about 
30  days  more  he  is  stationary ;  after  which  he  is  slowly  retro- 
grade for  about  60|  days,  when  he  will  be  again  in  conjunction 
with  the  earth ;  and  his  retrograde  Telocity  will  be  the  greatest. 

7.   THE  SECONDARY  PLANETS  OR  SATELLITES. 

Of  these,  by  far  the  most  important  to  us  is  the  Moon,  a 
description  of  which  is  contained  in  chap.  III. 

Jt^er's  Satellites, — When  the  planet  Jupiter  is  viewed  through 
a  telescope,  he  is  found  to  be  attended  by  four  satellites.  Their 
mean  distances,  the  time  of  their  revolutions,  and  the  mean 
inclination  of  their  orbits  to  that  of  their  primary,  are  as  follows : 


No. 

DiMaacefromT^ 

locUnaUon  of  orbH  will's 

I. 
II. 
III. 

IV. 

264,490 

120,815 

674,234 

1,180,582 

Id.  I8h.27m.33s. 
3     13     13     42 
7       3     42     33 
16     16     31      50 

3deg.  18min.  38sec. 
3         18           0 
3         13          58 
2         36           0 

The  first  and  third  satellites  are  the  largest,  and  their  diame- 
ters are  about  twice  that  of  the  moon ;  the  fourth  is  nearly  of 
equal  magnitude  with  the  moon;  and  the  second  is  the  least; 
though  according  to  some  calculations,  the  smallest  is  consider- 
ably larger  than  our  moon. 

The  motions  of  Jupiter's  satellites  are  of  the  greatest  service 
both  in  astronomy  and  navigation.  For  by  observing  their 
transits  over  the  disc,  and  their  occultations  in  the  shadow,  and 
behind  the  body  of  their  primary,  astronomers  have  discovered 
the  velocity  of  light,  and  mariners  frequently  determine  the 
longitude  at  sea. 

As  the  satellites  make  their  respective  revelations  in  exactly 
the  same  space  of  time  : — suppose,  when  Jupiter  is  in  conjunc- 
tion with  the  earth,  a  transit  or  obscuration  of  one  of  his  satel- 
lites takes  place  at  8  o'clock.  Now  when  in  opposition  to  the 
earth,  Jupiter  is  farther  from  us  by  all  the  width  of  the  earth's 
orbit,  or  190  millioiis  of  miles ;  and  by  calculation  a  recur- 
rence of  the  same  transit  or  obscuration  is  to  take  place  pre- 
cisely at  9  o'clock.    But  upon  observation  it  is  found  to  be  16 
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minutes  later.  Consequently  light  is  16  minutes  in  travelling 
across  (he  earth's  orhit;  and  it  therefore  must  proceed  at  the 
rate  of  about  200,000  miles  in  a  second.  Hence,  it  appears 
that  light  is  8  minutes  in  passing  from  the  sun  to  the  earth ;  hut 
a  cannon-ball,  travelling  with  the  same  velocity  that  it  generally 
has  when  it  leaves  the  gun,  would  be  30  years  in  performing  the 
same  journey.     (For  longitude,  see  chap.  IV.  s.  7.) 

Saium'it  Satellites. — Saturn  has  7  satellites,  but  they  cannot 
be  seen  without  the  aid  of  very  large  telescopes. 


No. 

If  tan  dis.fiomU 

Inelina.  of  orbits  to  T,'g 

in  miles. 

orbit.            ^ 

I. 

119,627 

30deg. 

Od.  22h.  37m.  23s. 

II. 

153,496 

do. 

1       8     53        9 

III. 

190,044 

do. 

1     21      18      26 

IV. 

243,449 

do. 

2     17      44      51 

V. 

340,006 

do. 

4     12      25      11 

VI. 

788,258 

do. 

15     22      41      14 

VII. 

2,297,541 

24deg.  45m. 

79       7     54      37 

The  7th  always  keeps  the  same  side  towards  the  primary,  and 
indeed  Herschel  supposed  that  all  satellites  do  the  same :  the 
moon  does  so. 

Uramus,  according  to  Sir  W.  Herschel,  is  attended  by  six 
satellites;  but  they  are  still  more  difficult  to  be  seen  than 
Saturn's ;  and  require  the  aid  of  very  powerful  telescopes. 


No. 

MeandU.fh>mU 

IneU.oforbitstoorbitof 

in  miles. 

¥ 

in 

I. 

224,155 

99deg.43m.53s. 

5d.  21h.  25m.  21s. 

II. 

290,821 

or 

8     16     57      47i 

III. 

339,052 

81           6        4 

10     23       3      59 

IV. 

388,718 

aU 

13     10     56      30 

1  ^ 

777,187 

the 

38       1     48      00 

|vi. 

1,555,872 

same. 

107     16     39      56 

The  chief  peculiarity  of  these  satellites,  is,  the  planes  of  their 
orbits  are  nearly  perpendicular  to  the  plane  of  their  primary's 
orbit; — and  it  has  been  supposed  that  their  motions  are  retro- 
g^rade. 
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B.  COMETS. 

Besides  the  above  bodies  which  compose  our  solar  system, 
there  are  others  that  either  belong  to  it  or  occasioBaUy  visit  it. 
These  are  comets,  which  describe  extremely  elliptical  orbits; 
indeed  so  much  so^  that  it  has  been  conjectured,  they  move 
round  more  suns  than  one.  That  is,  they  approach  our  sun, 
moving  in  almost  a  direct  line;  pass  round  him ;  and  then,  pro- 
ceed in  almost  a  direct  line  back  again,  till  they  disappear  on 
account  of  their  great  distance ;  and,  as  the  fixed  stars  are  now 
presumed  to  be  suns,  it  has  been  supposed  that  the  comets  may 
be  attracted  towards  them,  and  pass  round  them  as  they  do 
round  our  sun. 

Some  comets  consist  of  a  mere  luminous  vapour;  while  others 
contain  near  the  centre  of  this  vapour,  what  appears  to  be  a 
solid  body.  This  body  or  nucleus  and  its  luminous  vapour* 
form  what  is  commonly  called  the  head  of  the  comet.  The  head 
is  sometimes  surrounded  by  an  extensive  atmosphere  not  lumin- 
ous ;  which  is  again  surmounted  by  a  vast  luminous  envelope, 
called  the  coma,  from  which  is  extended  a  tail  of  the  same  lumin- 
ous appearance,  and  of  a  prodigious  length ;  always  projecting 
from  the  sun  in  the  plane  of  the  orbit,  nearly  in  a  line  with 
the  centre  of  the  sun  and  the  head  of  the  comet.  The  tail  seems 
only  to  shoot  out  as  the  comet  approaches  the  sun ;  and  conse- 
quently the  nearer  the  comet  advances  to  the  sun  the  larger  and 
brighter  is  the  tail.  As  the  comet  recedes  from  the  sun  the  tail 
begins  to  diminish ;  and  at  length  the  whole  comet  assumes  a 
globular  appearance. 

An  comets  and  their  tails  have  nearly  the  same  shape;  yet, 
they  will  have  very  different  appearances,  according  to  the  position 
of  the  tail  with  the  line  passingfrom  the  spectator's  eye  to  the  head 
of  the  comet  At  the  end  of  their  orbits,  comets  make  a  very  sud- 
den turn  round  the  sun ;  and  the  tail  having  to  describe  a  much 
larger  curve  than  the  head,  is  partly  left  behind ;  consequently, 
the  tails  of  some  comets  have  occasionally  appeared  a  little  bent 
or  curvated.  Sometimes  it  causes  the  appearance  of  two  tails. 
But  independent  of  this,  some  comets  have  exhibited  more  than 
one  stream  of  light  in  the  direction  of  the  tail. 

The  apparent  magnitude  of  some  comets  has  equalled  the  sun  ; 
others  have  been  compared  in  this  respect  to  the  moon ;  while 
many  have  rivalled  the  primary  planets.  One  appeared  in  the 
reign  of  Nero  whose  apparent  magnitude,  according  to  Seneca, 


Digitized  by  VjOOQIC 


14  .         THE  SOLAR  SYSTEM. 

was  not  inferior  to  the  sun.  Another  appeared  in  1662,  appa- 
rently not  less  than  the  moon ;  but  was  much  inferior  in  splen- 
donr,  having  a  pale,  dim  light,  with  a  dismal  aspect.  Th^  real 
diameter  of  the  nucleus  of  that  comet  which  appeared  in  1811, 
was  only  428  miles — but  the  diameter  of  the  luminous  head  was 
127  thousand — and  when  extended  to  the  outside  of  the  envelope 
the  diameter  was  not  less  than  643  thousand  miles.  The  length 
of  its  tail  was  8(>  or  100  millions  of  miles,  and  its  breadth  16 
millions.  The  tail  of  that  which  appeared  in  1680  was  nearly 
the  same  length. — But  the  diameter  of  the  nucleus  observed  by 
Herschel  in  the  comet  of  1812  was  2,637  miles,  while  its  tail 
was  only  669,000  miles  in  length. 

More  than  600  comets  are  said  to  have  been  seen  at  various 
times  since  the  christian  sera.  And,  though  many  of  these  may 
be  returns  of  the  same;  yet,  according  to  Berschel,  we  are  only 
sure  of  the  return  of  one.  This  appeared  at  the  following 
periods,  1466,  1631,  1607,  and  1682.  From  the  similarity  of 
the  description  given  of  it  at  these  periods.  Dr.  Halley  supposed 
it  to  be  the  same  comet;  and  predicted  its  return  in  1769 — which 
accordingly  happened ;  and  it  will  appear  again  in  1886,  and 
every  76  years  afterwards.  Some  philosophers  assert  that  the 
periods  of  two  more  are  known. — The  first  of  these  appeared  in 
1632, 1661,  and  it  was  expected  to  return  in  1789,  and  in  every 
129  years  afterwards.  The  other  is  that  noted  one  of  1680 ; 
and  its  period  is  no  less  than  676  years.  But  the  elements  of 
the  orbits  of  99  have  been  correctly  ascertained.  Of  these,  in 
their  nearest  approach  to  the  sun,  22  passed  between  the  sun 
and  Mercury ;  40  between  Mercury  and  Venus ;  17  between 
Venus  and  the  earth ;  16  between  the  earth  and  Mars ;  and  4 
between  Mars  and  Jupiter.  Fifty  of  them  are  said  to  have 
moved  from  east  to  west — or  contrary  to  the  motion  of  the 
planets. 

Comets  are  extremely  irregular  in  their  motion,  proceeding 
much  the  most  rapidly  when  nearest  the  sun.  In  this  position 
that  of  1680  moved  at  the  rate  of  880,000  miles  per  hour ;  which 
is  nearly  13  times  more  swift  than  the  earth  travels  in  its  orbit. 
And  while  all  the  planets,  except  the  asteroids,  move  nearly  in 
the  plane  of  the  ecliptic,  the  comets  have  much  wider  ranges. 
The  plane  of  the  orbit  of  that  comet  which  appeared  in  1811,  was 
nearly  perpendicular  with  the  plane  of  the  earth's  orbit :  how- 
ever the  planes  of  others  have  nearly  coincided  with  that  of  the 
earth. 
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From  their  cutting  or  threading  the  planes  of  the  planets' 
orhits  in  almost  erery  direction^  it  has  been  supposed  that  one 
may  by  chance  come  in  contact  with  the  earth ;  though  some 
philosophers  assert  this  cannot  possibly  happen.  However, 
should  any  one  maintain  that  such  an  event  may  probably  take 
place  in  the  stream  of  time,  we  need  not  conjecture  what  the 
consequences  wi^l  be.  Superstition  may  terrify  itself  with  im- 
aginary fears;,  but  the  christian  knows  by  whose  hands  these 
immense  bodies  are  wielded;  that  if  they  are  propelled  by 
Almighty  power,  they  are  guided  by  infinite  wisdom ;  and  that 
unbounded  love  governs  the  whole  and  directs  all  to  some 
salutary  end. 
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CHAP.  II. 
The  Earth.    (Astronomy  and  Geography) 


LiNBS  AND  CiRCLRS  USED  IN  ASTRONOMY.       2.   DaY  AND  NlOHT.      3.  ThB 

Seasons  4.  The  Artificial  Terrestrial  Globe.  5.  Latitude  and 
Longitude.     6.  The  Artificial  Celestul  Globe.    7.  Day  and  Night 

REPRESENTED  BY  THE  ARTIFICIAL  GlOBE        8.  VARIATION  IN  THE  LENGTH 

OF  Day  and  Night.  9.  Twilight.  10.  The  Earth's  Orbit  an  Elupsis. 
11,  Adjustment  OF  THE  Day,  12.  Precession  of  the  Equinoxes,  13. 
Adjustment  of  the  Year,  Change  of  Stile  and  Leap  Year.  14.  Fi- 
gure and  Circumference  of  the  Earth  ascertained. 


1.  LINBS  AND  CIRCLES  USED  IN  ASTRONOMY. 

The  planet  which  we  inhabit,  called  the  Earth,  is  a  globe  or 
sphere ;  and  every  man,  on  whatever  part  of  the  surface  of  this 
sphere,  and  at  whatever  hour  of  the  day  or  night,  imagines 
Idmself  on  its  very  summit ; — and  in  astronomy  he  is  admitted 
to  be  so.  We  shall  suppose  the  reader  to  be  situated  about  the 
centre  of  England;  the  time  of  the  year,  midsummer;  and 
the  hour  of  the  day,  12  o'clock  at  noon : — the  earth's  position 
will,  therefore,  be  properly  represented  by  ^g,  3 ;  and  the 
reader's  situation  will  be  at  L. 

The  axu  of  the  earth  A  B  is  an  imaginary  line  passing 
through  the  centre  of  the  sphere ;  which  in  astronomy  is  sup- 
posed to  be  extended  in  each  direction  till  it  pierces  the  hea- 
vens in  the  two  opposite  points.  The  end  A,  is  called  the 
Ncrth  Pole;,  and  B,  is  the  South  Pole. 

The  heavens  are  supposed  to  be  inscribed  with  circles; 
^md  the  planes  of  almost  all  these  circles  pass  through 
the  centre  of  the  earth.  Such  as  have  their  centres  at  the 
earth's  centre,  are  called  Great  circles;  but  those  that  have 
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hftve  not  tlieir  centres  at  the  earth's  centre,  are  oallecl  Ltu  cir- 
cles. All  the  lines  therefore  of  Fig.  3,  except  the  lines  M  N  and 
Q  B,  are  diameters  of  great  circles.  A  diameter  is  always  un- 
derstood to  pass  through  the  centre  of  its  circle,  and  to  cut  the 
plane  of  the  circle  into  two  parts.  The  space  included  within 
die  circle  A  6  B  H  is  the  flame  of  that  circle;  so  that,  any  of 
the  lines  crossing  each  other  at  the  centre  T,  may  be  con- 
sidered as  its  diameter. 

The  Meridian  is  a  great  circle  passing  over-head,  through 
each  pole,  round  the  heavens.  In  Fig.  3,  the  circle  A  B  G  H 
represents  the  reader's  meridian ;  and,  therefore,  the  line  A  B 
is  properly  the  only  diameter  of  this  circle.  As  we  may  make 
many  circles  round  a  ball,  all  passing  through  two  opposite 
pointa;  so,  every  place  on  the  earth's  surface,  not  on  the  meri- 
itian  of  any  other  specified  place,  is  supposed  to  have  a  meri- 
dian of  its  own.  The  number  of  these  circles  must  therfore  be 
considered  as  unlimited.  Also,  as  they  all  pass  through  the 
poles,  and  their  planes  through  the  earth's  centre,  of  course^ 
the  ajuf'  of  the  earth  A  B  is  a  diameter  to  each,  of  them;  and 
every  person  must  be  in  the  plane  of  his  own  meridian, 

Zmith  and  NtuUr. — Since  every  one  imagines  himself  on  the 
smnmit  of  the  earth,  he  will  likewise  suppose,  that  the  point 
directly  over  his  head  is  the  highest  in  the  heavens ;  and,  as  his 
feet  are  always  directed  to  the  earth's  centre,  go  a  line  drawn 
from,  the  point  over  his  head,  passing  through  bis  body,  and 
continued  indefinitely  through  the  earth's  centre,  will  pierce  the 
heavens  in  the  lowest  point  The  lower  point  D  Fig.  3  is  called 
Uie  Nadir f  and  the  upper  point  C,  the  Zeiiith,  Vertex  or  Vertical 
paint:  and  all  lines  passing  through  it,  as  the  meridian  of  the 
place,  are  called  vertical  lines. 

The  Horiztm^ — ^Though  we  can  see  but  a  small  part  of  the 
earth's  surface  from  any  one  point;  yet^  on  a  clear  night,  half 
the  stars  are  visible ;  that  is,  we  can  see  from  the  lenith  to  a 
quarter  of  the  circumference  of  the  heavens,  or  90  deg,  on 
every  side ;  which,  measured  from  side  to  side,  with  vertical 
lines,  is  480  deg., — the  whole  circumference  being  360  deg. 
The  circle  formed  by  the  termination  of  our  view  all  round,  is 
called  the  raiunud  Horizon ;  and  its  plane  £  F  passes  through 
Ae  centre  of  the  earth.  But  in  the  day-time  we  do  not  see  so 
much  of  the  heavens ;  the  circle,  therefpre,  formed  by  the  sky 
apparently  cutting  the  earth  all  round,  is  called  the  semible  ho* 
rkm;  and  its  plane  Q  R  is  suppojied  to  pass  through  the  eye 
of  the  spectator.    The  line  of  tha  zenith  and  nadir  C  D  it  some- 
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timet  called  the  axis  of  the  horizon ; — and  the  planes  of  the  two 
horizoni  are  considered  as  parallel. 

The  EcHptic  is  the  most  important  circle  in  astronomy;  con- 
sequently, the  reader  should  he  assured  that  he  perfectly  un- 
derstands what  is  meant  hy  it  before  he  proceeds  farther; 
otherwise,  he  cannot  expect  to  become  master  of  this  sublime 
and  beautiful  science.  In  Fig.  1,  the  circles  with  the  degrees, 
the  signs,  and  the  months  marked  on  them,  represent  the 
ecHpHc :  the  surface  of  the  paper  of  that  figure  represents  the 
plane  of  the  ecliptic,  which  is  also  the  plane  of  the  earth's  or- 
bit ;  we  must  therefore  transfer  this  figure  to  its  proper  place  in 
the  heavens ;  and  adjust  it  to  the  earth's  position  at  midsum- 
mer, or  at  12  o'clock  at  noon  on  June  21  st.  We  can  therefore 
only  represent  a  diameter  of  its  plane,  or  the  line  called  the  line 
of  direction  of  the  earth  and  sun,  which  is  marked  S  I,  fig.  3. 
It  must  be  remembered,  that  as  the  ecliptic  is  the  circle  made 
by  the  earth  travelling  round  the  sun,  the  sun,  though  in  re- 
ality at  its  centre,  will  always  appear  on  the  opposite  side ;  or 
speaking  astronomically,  will  always  be  upon  the  ecliptic ;  and 
the  earth,  though  really  on  the  edge  of  the  plane  of  its  orbits 
will,  as  this  plane  is  extended  on  all  sides  indefinitely  among 
the  fixed  stars,  appear  at  the  centre  of  the  ecliptic.  The  line 
S  I,  therefore,  can  only  represent  one  half  of  the  diameter  of 
the  plane  of  the  earth's  orbit ;  although  it  may  be  allowed  to  re- 
present the  whole  of  the  diameter  of  the  ecliptic.  As  the  diameter 
of  the  earth,  in  this  figure,  is  one  inch,  were  the  line  S  I  com- 
pleted in  its  due  proportion,  it  would  be  in  length  about  330 
yards,  and  the  sun's  diameter  would  be  above  111  inches. 

As  all  the  heavenly  bodies  appear  at  an  equal  distance  from 
us  ,  their  apparent  distances  from  each  other,  are  measured  by 
arcs  of  a  great  circle.  The  curve  A  C  Fig.  3,  is  an  arc, — and 
these  distances  are  calculated  in  degrees.  As  the  whole  circle 
ABOH  contains  360  degrees,  the  measure  *  of  the  arc  AC 
will  be  38  degrees.  This  is  also  called  the  angular  distance ; 
the  arc  A  C  being  the  measure  of  the  angle,  formed  by  the  two 
lines  from  the  points  A  and  C  joining  each  other  at  the  earth's 
centre  T.  But  it  should  be  observed,  that  this  has  no  refer- 
ence to  the  real  distance  of  the  objects ;  since  they  may  be  ei- 
ther two  fixed  stars,  or  tjie  moon  and  a  fixed  star ;  or  an  object 
on  the  earth  and  a  heavenly  body. 


As  we  have  now  arrived  at  what  we  consider  the  first  diffi- 
cult point  in  Astronomy,  it  will  be  of  great  service  to  the  young 
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ittronomer  to  make  himself  thoroughly  acquainted  with  fig.  3. 
We  shall  therefore  add  an  explanation  of  its  principal  parts, 
that  he  may  hare  them  all  at  one  view.      * 

AB.    Axis  of  the  earth:  A  North  Pole,  B  South  Pole. 

C  D.  Zenith  and  Nadir  line :  C  Zenith  or  Vertex,  and  D 
Nadir. 

E  F.    Rational  Horizon:  £  North,  F  South. 

GB.    Equator. 

S  I.    Ecliptic— or  plane  of  the  earth's  of  bit 

J  K.  Represents  the  situation  of  the  Ecliptic  in  Winter,  as 
3 1  represents  it  in  summer.  S  or  K  Sununer  Solstice,  and  J 
or  I  Winter  Solstice. 

N  M.  Axis  of  Ecliptic  or  axis  of  the  plane  of  the  Earth's  orbit. 

O  P.  Boundary  line  of  light  and  darkness  called  the  Termi- 
nator. 

A6BH.  Meridian,  (a  circle  being  generally  represented 
by  four  points).  The  arcs  S  J  and  K  I  are  sections  of  the 
Zodiac. 

The  above  lines,  supposed  to  be  inscribed  in  the  heavens, 
belong  to  Astronomy  :  the  following,  supposed  to  be  described 
on  the  earth's  surface,  belong  to  Oeography.  But  as  those  in 
the  heavens  are  merely  extensions  of  these  upon  the  earth,  the 
reader  should  accustom  himself  to  form  the  continuation  in  his 
mind ;  and  to  assist  him  in  doing  so,  we  shall  here  give  an  ex- 
planation of  the  remaining  lines  and  circles  of  this  figure 

llie  outer  circle  ahcd  efh  g,  and  all  the  curves  intersecting 
each  other  at  the  two  poles  A  and  B,  are  Meridians. 

G  H.  Earth's  Equator. — The  half  of  the  sphere  towards  the 
nort  pole  A  is  the  Northern,  and  the  other  half  the  Southern 
Hemisphere. 

ab.  Arctic  Circle; — and  the  space  that  it  includes  is  the 
North  Frigid  Zone. 

ef.    Antarctic  Circle  and  South  Frigid  Zone. 

be  and  ag.    North  Temperate  Zone. 

de  and  kf.    South  Temperate  Zone. 

c  g.    Tropic  of  Cancer. 

d  A.    Tropic  of  Capricorn. 

The  space  of  the  earth  included  between  the  two  tropics  is 
called  the  Torrid  Zone. 

The  other  arcs  or  circles,  parallel  to  the  tropics  and  arctio 
circlesy  are  called  parallels  of  Latitude. 

C2 
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2.      BAY  AND  NIGHT. 

Besides  the  revolations  already  described  in  Chap.  I.  the 
planets  hare  another  motion,  each  turning  round  on  its  own  axis, 
which  is  called  their  diurnal  motion.  This  compound  motion 
may  be  illustrated,  by  running  an  orange  round  in  contact  with 
the  out  edge  of  the  plane  of  a  round  table.  Let  the  place  of  the 
stalk  and  the  opposite  point,  represent  the  poles  of  the  earth ; 
at  half  way  between  them,  draw  a  line  round  representing  the 
equator,  and  cutting  the  orange  into  two  parts  or  hemispheres* 
The  plane  of  the  table  will  represent  the  plane  of  the  earth's  or- 
bit :  the  sun  being  supposed  at  the  centre,  half  above  and  half 
below  the  surface.  Then,  placing  the  6nger  and  thumb  upon 
the  two  opposite  points  of  the  orange,  and  applying  the  equator 
to  the  edge  of  the  table ;  so,  that  one  half  of  the  orange,  or  the 
northern  hemisphere  may  be  above  the  table's  surface,  and  the 
other  half  or  southern  hemisphere  below ;  in  this  position  roll 
it  round  from  the  west  by  the  south  to  the  east. 

Once  round  the  table  will  represent  a  year.  But  in  perform- 
ing this,  tiie  orange  will  have  made  several  revolutions  on  its 
own  axis.  The  earth  makes  365};  and  each  of  them  affords  us 
a  day  and  a  night;  for,  as  the  sun  is  the  source  of  light,  and  only 
one  half  of  the  earth  is  towards  him  at  once,  the  cause  of  what 
we  term  Day  and  Night  is  very  evident 

But  another  circumstance  will  here  attract  the  attention  of  the 
young  experimenter.  He  will  perceive,  when  the  orange  has 
made  one  revolution  on  its  own  axis,  that  the  same  place  will 
not  be  towards  the  sun :  he  must  push  it  a  little  farther.  So  the 
earth  completes  a  revolution  on  its  axis  in  about  23  hrs^  56  min.; 
but  requires  4  minutes  more  before  the  same  place  is  exactly 
towards  the  sun,  making  a  day  and  night  to  consist  of  24  hours, 
(see  Sec.  11.) 

However  the  above  illustration,  if  too  closely  examined,  may, 
in  one  respect,  mislead  the  understanding.  The  reader  must 
bear  in  mind,  that  the  earth,  in  revolving  round  the  sun,  touches 
nothing;  and  performs  a  part  of  its  orbit  equal  to  1,632,000 
miles  every  day :  whereas,  if  it  merely  rolled  round  like  the 
orange,  or  measured  the  space  as  a  carriage  wheel  measures 
the  road  it  passes  along,  it  would  only  perform,  each  day,  a  part 
of  its  orbit  equal  to  about  26,000  miles. 
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3.     THE  SEASONS. 

As  the  plane  of  the  table  represents  the  plane  of  the  earth's 
orbit ;  so,  if  a  candle  be  placed  directly  orer  the  centre  in  a 
line  with  the  stalk  of  the  table,  the  axis  of  this  plane  M  N  Fig.  3* 
win  be  thereby  properly  represented.  And,  supposing  the  axis 
of  the  earth  A  B  represented  by  a  straight  rod  passing  through 
the  poles  of  the  orange,  and  these  two  axes  parallel,  or  both  per- 
pendicular to  the  plane  of  the  earth's  orbit, — as  the  lines  M  N 
and  O  P  Fig.  8.  are  parallel  to  each  other,  or  perpendicular  to 
the  line  S  I  we  should,  therefore,  throughout  the  year,  hare 
day  and  night  exactly  of  the  same  length ;  or  as  they  are  on  the 
21st  of  March  or  23rd  of  September ;  and  should,  besides,  hare 
neither  summer  nor  winter,  nor  any  change  of  season. 

But  all.  or  most  of  the  planets,  have  their  axes  variously  in- 
clined to  the  plane  of  their  orbits.  The  inclination  of  the  earth's, 
as  represented  by  the  two  lines  A  B  and  S  I  Fig.  3.  is  consi- 
derable ;  being  nearly  23}  deg.  or  the  measure  of  the  arc  8  O 
from  perpendicularity  :  or,  these  two  lines  make  an  angle,  (the 
angle  ATS)  with  each  other  of  nearly  66}  deg. — and  to  this 
we  owe  all  the  changes  of  the  seasons,  and  all  the  variation  in 
the  length  of  day  and  night. 

To  illustrate  this :  suppose  the  surface  of  the  table  three  feet 
high,  the  top  of  the  candle,  or  any  substitute,  must  be  also  three 
feet  above  it ;  making  the  axis  of  the  plane  of  the  earth's  orbit 
6  feet  in  length.  But,  as  the  axis  of  the  earth's  orbit,  and  the 
earth's  axis  are  not  parallel,  the  rod,  passing  through  the  orange 
and  representing  the  latter,  must  be  placed  in  a  sloping  direc* 
tion,  see  Fig.  4.;  and  that  its  top  may  be  of  the  same  elevation 
with  the  top  of  the  candle,  or  axis  of  the  plane  of  the  earth's 
orbit,  its  length,  (to  permit  the  lower  end  to  rest  upon  the 
ground,)  must  be  6  feet  4}  inches. 

Suppose,  then,  the  plane  of  the  table  to  be  4  feet  iliameter ; 
the  sun  in  the  centre ;  and  the  orange,  or  earth  at  the  middle  of 
the  rod.  To  represent  the  position  of  the  earth  at  midsummer, 
or  June  21st,  the  lower  end  of  the  rod,  (allowing  for  the  part  of 
the  orange  intervening  between  the  rod  and  the  table,)  must  be 
3  feet  3f  inches  from  the  bottom  of  the  table  stalk,  or  axis  of  the 
plane  of  the  earth's  orbit,  while  their  upper  ends  will  be  only 
3|  inches  apart  In  this  position  it  will  be  seen,  that  the  liiM 
round  the  orange  representing  the  equator  will  not  be  at  the  edge 
of  the  tabular  plane,  or  plane  of  the  earth's  orbit,  but  will  be 
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below  it,  a  space  equal  to  23i  deg.;  coonting  90  deg.  from  the 
equator  to  the  pole. 

It  must  be  carefully  remembered,  that  the  planets  always  kdep 
their  axes  in  the  same  parallelism.  Therefore,  when  the  orange 
is  moved  round  to  the  opposite  side  of  the  table,  the  two  upper 
ends  of  the  ales  will  be  at  a  greater  distance  than  the  lower  ends. 
The  equator,  also,  will  then  be  as  much  above  the  table,  as  it 
was  before  below  it ;  and  this  will  represent  the  position  of  the 
earth  on  the  21st  of  December. 

Now  by  the  same  invariable  position  of  the  axes,  when  the 
orange  has  advanced  halfway  between  these  two  opposite  points, 
both  the  upper  and  the  lower  ends  of  the  axes  will  be  at  the 
same  distance ;  consequently,  though  the  rod  is  still  sloping, 
the  equator  will  touch  the  table.  This  will  be  the  case  twice  in 
the  year,  on  the  2l8t  of  march  and  23rd  of  September.  The 
earth  is  then  at  the  equinoxes,  the  day  a£nd  night  being  equal. 

As  the  earth  is  proceeding  every  moment  in  its  annual  revo- 
lution, and  continually  revolving  on  its  axis ;  the  same  part  will 
not  be  at  the  plane  of  the  orbit  two  days  together.  If  the  earth 
be  proceeding  from  winter  to  spring,  the  south  pole  will  gradu- 
ally recede  from  the  sun,  till  the  vernal  equfnox,  when  both 
poles  are  at  an  equal  distance.  And  from  ^the  equinox  till  mid- 
summer, the  north  pole  will  gradually  incline  to  the  sun;  so  that, 
if  the  place  where  the  orange  and  table  come  in  contact  be  marked 
on  the  orange,  the  line  will  be  in  a  screw-like  form ;  and  the 
same  being  done  in  the  other  half  year,-  they  will  cross  each 
other. 

The  young  student  should  be  again  reminded  that  the  earth, 
in  its  progress,  touches  nothing ;  therefore,  should  he  attempt 
to  represent  the  seasons  by  applying  the  orange  to  the  edge  of 
the  table,  and  at  the  same  time  to  give  the  diurnal  motion,  he 
will  not  succeed.  For  the  latter  motion  should  be  given,  and 
the  orange  moved  round  in  representation  of  the  seasons,  with- 
out its  being  in  actual  contact  with  tUb  table. 

Should  the  line  representing  the  plane  of  the  earth's  orbit  Fig. 
3,  be  traced  from  S,  to  I  on  the  opposite  side  of  the  figure ;  the 
student  will  see  that  it  has  crossed  or  cut  the  plane  of  the  earth's 
•quator ;  and  that  the  point  I  is  as  much  south  of  the  equatorial 
point  H,  as  the  point  S  is  north  of  O.  Now,  as  we  must  here 
suppose  the  ecliptic  to  turn  round,  and  not  the  earth ;  conse- 
quently, at  midnight,  the  reader  still  being  at  L,  if  he  look  for  the 
ecliptic,  he  will  see  the  point  J  on  the  meridian,  which  is  the 
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first  point  of  Capricornus — or  the  place  of  the  ecliptic  wherein 
the  earth  is,  heing  that  directly  opposite  the  sun  :  or  should  he 
suppose  the  earth  to  turn  round,  and  the  sun  to  remain  stationary 
at  S,  his  place  sX  midnight  will  be  at  j,  and  the  nearest  point  of 
the  ecliptic,  at  I. 

Half-a-year  hence,  when  the  earth  is  at  the  opposite  point  of 
its  orbit,  on  Dec.  21st,  the  sun,  at  noon,  will  appear  at  the 
point  J;  and,  at  midnight,  the  other  side  of  the  ecliptic  will 
appear  where  the  sun  is  at  midsummer,  namely,  at  S. 

At  6  o'clock,  both  morning  and  evening,  summer  and  winter, 
the  points  of  the  ecliptic,  cutting  the  earth's  equator,  will  be  on 
the  meridian  at  G  and  H.  When  the  earth  is  at  the  vernal 
equinox,  the  point  I  or  J  will  be  on  the  meridian  at  6  o'clock 
in  the  morning;  and,  at  6  in  the  evening,  K  or  S.  And  their 
positions  will  be  reversed  at  the  autumnal  equinox. 

4,     ARTIFICIAL  TERRESTRIAL  GLOBE. 

Many  difficulties  in  Astronomy  and  Geography  may  be 
solved  by  the  use  of  artificial  globes ;  but  as  these  instruments 
are  in  the  hands  of  comparatively  few  general  readers,  we  shall 
here  give  directions  for  making  a  substitute.  As  the  orange  may 
be  too  small ;  we  shall  suppose  the  reader  to  take  a  ball  of  a 
foot  diameter,  as  represented  Fig.  5.  Having  perfixed  a  rod 
through  the  centre  to  represent  the  earth's  axis  and  poles,  and 
drawn  the  equator  A  B  according  to  the  directions  given  for  the 
orange,  he  may  consider  himself  in  possession  of  a  terre$trial 
ghbe. 

Now  as  only  half  of  the  earth's  surface  is  enlightened  at  once 
by  the  sun,  a  hole  must  be  cut  in  a  board,  or  a  piece  of  strong 
pasteboard  C  D,  large  enough  to  permit  the  globe  to  turn  easily 
round :  the  poles  preventing  it  from  slipping  through.  This 
board  will  be  the  terminator,  or  boundary  between  day  and 
night :  above  is  day  and  below  is  night. 

In  Fig.  3.  the  reader  is  considered  as  on  the  summit  of  the 
earth ;  and  the  terminator  O  P  is,  at  its  north  end,  considerably 
elevated  above  the  horizon  £  F :  but  in  Fig.  5,  for  the  sake  of 
convenience,  the  sun  must  be  considered  as  in  the  vertex.  That 
Fig.  3,  and  Fig.  5  may,  in  this  respect,  be  made  to  agree, — the 
book  must  be  turned  round  till  S  I  Fig,  3.  come  to  represent  the 
line  of  the  zenith  and  nadir,  or  the  line  from  the  sun  to  the 
earth's  centre,  Fig.  6. 
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5.  LATITUDB  AND  LONGITUDE. 

Dbaw  a  circle  through  the  poles,  all  round  the  globe ;  which 
will  cut  the  equator  at  right  angles  on  the  opposite  sides  :  or»  in 
Fig.  5,  at  A  and  B  passing  through  the  N.  and  S.  poles.  Call 
this  circle  a  meridian. 

The  globe  is  now  circumscribed  with  two  circles  at  right 
angles  to  each  other.  These  circles  must  each  be  divided  into 
360  deg.;  and  a  mark  must  be  made  at  every  10  deg.  The  de- 
grees on  the  meridian  are  counted  each  way  from  the  equator 
towards  the  poles ;  so  that,  this  meridian  circle  will  be  divided 
into  four  parts,  each  numbering  90  degrees. 

Through  the  above  divisions  on  the  meridian,  circles  must  be 
drawn  parallel  to  the  equator,  called  parallels  of  Latitude.  So 
that  Latitude  is  counted  from  the  equator  along  the  meridians 
towards  each  pole ;  and  therefore  can  never  exceed  90  degrees. 
That  towards  the  north  pole  is  called  northern,  and  that  towards 
the  south  pole,  southern  Latitude. 

As  a  whole  circle  contains  360  degrees ;  so,  from  the  place 
where  the  meridian  on  one  side  crosses  the  equator,  to  where  it 
crosses  it  on  the  other  side,  counting  each  way  along  the  equator, 
are  180  deg.  These  are  called  degrees  of  longitude.  And  if  the 
reader  turn  the  south  pole  of  his  globe  towards  him,  having  the 
plane  of  the  meridian  vertical ;  then,  those  on  the  right  side  will 
be  eoii  longitude,  and  those  on  the  left,  u^est  longitude.  A  mark 
being  already  made  at  every  10  degrees,  draw  a  line  from  pole 
to  pole  through  each  of  them ;  and  they  will  be  the  lines  of  lon- 
gitude :  which  is  counted  each  way  along  the  equator  to  180  deg. 
The  lines  of  longitude  are  also  meridians ;  and  longitude  is 
counted  from  the  meridian  of  London  or  Greenwich.  But  every 
country  calculates  from  a  meridian  of  its  own ; — while  latitude 
is  always  reckoned  from  the  equator. 

By  the  help  of  these  lines,  the  situation  of  any  particular  place 
on  the  surface  of  the  earth,  may  be  easily  transferred  from  a 
Map  to  its  corresponding  place  on  the  globe.  Thus :  the  sitna- 
tion  of  London  may  be  marked  upon  the  meridian  of  that  place, 
a  little  beyond  &e  fifth  parallel  of  latitude,  or  at  51)  degrees 
of  N.  latitude. 

As  these  imaginary  circles  of  the  terrestrial  globe  are  exp 
tended  to  the  heavens,  the  latitude  of  any  place  on  the  earth  may 
be  ascertained  by  the  assistance  of  the  heavenly  bodies.  For 
instance;  knowing  the  altitude  of  the  sun  to  be  at  London,  when 
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OB  the  meridian,  that  is»  at  12  o'clock  at  noon,  on  Jane  2l8t, 
so  much  short  of  90  deg.  (the  altitade  of  the  zenith,)  as  the  son 
is  distant  from  the  zenith ;  hy  finding  the  snn's  altitade  at  any 
particular  place,  the  latitude  of  that  place  may  be  determined. 
Thus  :  London  is  at  5L|  deg.  north  latitude ;  and  the  sun  on  the 
21st  of  June  is  vertical  over  2di  north  latitude ;  consequently, 
the  sun  is  28  deg.  from  the  zenith  of  London ;  or,  62  deg.  high, 
which  is  the  complement  of  00  deg. 

Now  if  by  observation  on  any  part  of  the  earth's  surface  north- 
ward  of  the  sun,  the  altitude  be  any  number  of  degrees  less  than 
62,  the  latitude  is  known  to  be  so  many  degrees  to  the  north- 
ward of  the  parallel  of  London.  Should  the  altitude  be  more 
than  62  deg.,  then,  the  place  is  so  many  degrees  southward  of 
London. 

Should  the  sun  be  northward  of  the  observer ;  and  he  find  the 
altitude,  when  at  the  meridian  on  that  day,  66}  deg.;  then,  he 
knows  that  he  is  in  no  latitude :  being  upon  the  equator ;  or,  as 
the  sailor  expresses. it,  is  **  crossing  the  line." 

The  same  may  be  observed  with  respect  to  the  altitude  of  the 
sun  on  any  other  day  of  the  year;  his  distance  from  the  equator, 
when  on  the  meridian  on  that  day  being  known ;  and  it  is  the 
same  with  any  other  of  the  heavenly  bodies  whose  meridian  alti- 
tude at  any  particular  place  is  known.  It  is  also  the  same  in  all 
latitudes  and  longitudes.  (For  finding  longitude  see  Chap.  IV. 
sec.  7) 

6.   THE  ARTIFICIAL  CELESTIAL  6LOBB. 

This  globe  differs  nothing,  as  to  shape,  from  the  one  already 
described ;  but  the  reader  is  supposed  to  be  at  its  centre,  whihi 
he  is  on  the  surface  of  the  other.  In  short,  the  lines  and  cir- 
cles of  the  celestial  globe  are  those  of  the  terrestrial  transferred 
to  the  heavens  :  (see  explanation  of  Fig.  3.)  As  the  terrestrial 
^obe  has  the  various  countries  and  seas  described  on  its  sur- 
&ce ;  so,  the  surface  of  the  celestial  contains  the  fixed  stars,  as 
they  are  divided  into  constellations ;  each  star  having  the  same 
position  that  it  occupies  in  the  heavens  :  (see  Chap.  IV.  s.  12.) 
The  globe  being  rectified  to  the  latitude  of  the  place,  and  hour 
of  the  night,  as  in  Fig,  3.  and  the  experimenter's  eye  being 
always  supposed  at  the  centre  of  the  globe ;  then,  were  holes 
eat  for  each  star  through  the  place  which  it  occupies  on  the  sur- 
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fttce,  he  would,  through  each  hole,  see  its  respective  star  in  the 
hearens. 

The  latitude  or  longitude  of  the  heavenly  bodies  differs  con- 
siderably from  that  of  places  on  the  earth.  The  latitude  of 
terrestrial  objects  is  counted  from  the  equator;  while  that  of  the 
celestial  is  calculated  from  the  ecliptic.  The  longitude  of  the 
latter,  instead  of  being  counted  each  way  from  a  meridian  like 
that  of  terrestrial  objects,  is  calculated  from  the  first  point  of 
Aries,  in  the  order  of  the  signs,  all  round  the  equator ;  the  dis- 
tance being  represented  by  so  many  signs  and  degrees.  Wore 
a  planet,  therefore,  only  10  deg.  west  of  the  first  point  of  Aries, 
its  longitude  would  be  said  to  be  11  signs  20  deg.  But  some- 
times thin  is  called  right  ascennon ;  and  then,  the  distance  from 
the  first  point  of  Aries  is  calculated  in  time:  15 deg.  being 
equal  to  an  hour.  And  latitude  is  sometimes  called  a  star's 
decUuatiaH,  which  is  counted  from  the  equator. 

The  angle,  which  the  ecliptic  makes  with  the  equator,  is 
called  the  obliquity  of  the  ecliptic ;  and  is  equal  to  about  23i  deg. 
as  has  already  been  shewn.  The  ecliptic  crosses  the  equator, upon 
the  celestial  globe,  at  two  opposite  points.  At  half-way  between 
these  points,  the  ecliptic  extends,  on  each  side,  23}  deg.  These 
two  latter  points  are  called  the  solsticet ;  because  the  sun  at  the 
two  opposite  seasons,  winter  and  summer,  here  seems  to  make 
a  stand  before  he  retreats  ; — while  the  two  former  points,  where 
the  ecliptic  crosses  the  equator,  are  called  the  equinoxes ; — be- 
cause when  the  sun  is  at  these  two  points,  the  day  and  night  are 
of  equal  length. 

By  these  four  po  nts,  namely,  the  two  equinoxes  and  the  two 
solstices,  the  ecliptic  is  divided  into  four  parts  ;  and  the  points 
are  called  the  four  cardinal  points.  The  two  meridian  circles 
passing  through  these  points  are  called  colures.  The  one  passing 
through  the  equinoctial  points  is  called  the  equinoctial  colures ; 
and  the  other  passing  through  the  solstices,  the  soUticial  colures. 

The  altitude  of  any  heavenly  body  is  counted  along  the 
quadrant  of  a  circle  extending  from  the  vertex,  through  the 
body  to  the  horizon,  (the  rational  horizon  being  always  in  such 
cases  understood.)  The  measure  of  the  arc  between  the  body 
and  the  horizon  is  the  altitude. 

The  horizon  is  divided  into  two  parts  by  the  meridian  cutting 
it  at  the  north  and  south.  Should  a  heavenly  body  not  be  on 
the  meridian,  its  vertical  line  of  altitude  will  cut  the  horizon  to 
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one  side  of  the  ends  of  the  meridian ;  and  the  are  of  the  horizon, 
included  between  the  meridian  and  the  rertical  line  of  altitude, 
is  called  the  azimuth  of  that  body ; — and  is  said  to  be  so  many 
degrees  east  or  west. 

The  amplitude  of  a  heavenly  body  refers  to  its  rising  or  setting; 
and  is  counted  from  the  east  and  west  points,  where  the  equator 
cuts  the  horizon.  That  arc  of  the  horizon,  between  either  of 
these  points  of  the  equator,  and  the  point,  whether  north  or 
south,  at  which  the  body  cuts  the  horizon,  is  called  the  measure 
of  its  amplitude. 

7.    DAT  AND  NIGHT  REPRBSBNTKD  BY  THE  ARTIFICIAL 
OLOBB. 

Suspend  by  a  thread  from  the  ceiling,  as  at  Z  Fig.  5,  a  small 
leaden  weight  with  a  point ;  the  point  being  downwards.  Con- 
sider the  line  of  this  thread  the  plane  of  the  earth's  orbit ;  and 
the  sun  as  situated  at  the  upper  end  of  it.  Place  the  globe  so, 
that  the  point  of  this  weight  may  nearly  touch  the  meridian  of 
London  where  it  crosses  the  equator ;  and  the  young  astrono- 
mer will  have  an  exact  representation  of  the  earth's  position  on 
the  21st  of  March  or  Sept.  2drd :  being  12  o'clock  at  noon  at 
London,  as  well  as  at  all  places  from  pole  to  pole  along  that 
half  of  the  meridian ;  while  the  places  over  which  the  other  half 
passes  will  have  midnight 

The  sun  is  now  said  to  be  on  the  meridian  of  London  :  all 
round  where  the  globe  touches  the  board  is  twilight.  At  the 
eastern  side  the  sun  is  setting  to  the  inhabitants,  being  6  o'clock 
in  the  evening ;  and  on  the  west,  as  they  are  just  ascending  into 
day-light,  the  sun  is  rising,  and  it  is  6  o'clock  in  the  morning. 

Now  as  the  circumference  of  the  earth  is  360  deg.  and  as 
the  sun  completes  them  all  in  24  hours  ;  he  must  pass  over  15 
deg.  every  hour.  Turn  the  globe  eastward  till  the  point  of  the 
weight  be  at  one  division  and  a  half,  or  15  deg.  west  of  London; 
and  it  will  be  1  o'clock  at  that  place,  frequently  represented  by 
P.  M.  that  is,  post  meridiem,  or  after  the  sun  has  crossed  the 
meridian.  Turn  it  15  deg.  farther,  and  it  will  be  2  o'clock  at 
London ;  and  so  on,  till  6,  when  the  meridian  of  London  will 
be  at  the  terminator,  or  at  sun  set. 

When  the  globe  has  been  thus  moved  half  way  round,  it  will 
be  midnight  at  London.  Then  begins  A.  M.  that  is,  ante 
meridiem,  or  before  the  sun  comes  to  the  meridian.    At  6  hours 
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after  midnight,  London  will  be  at  the  terminator,  or  at  snn-riae; 
and  at  6  hours  more,  the  meridian  will  be  again  at  the  weight* 
or  it  will  be  12  o'clock  at  noon. 

In  this  revolution  the  young  astronomer  will  have  perceived, 
that  all  the  earth's  surface  has  passed  through  day-light ;  while 
the  poles  have  all  the  while  been  at  the  boundary  of  light  and 
darkness.  This  is  the  case  two  days  in  the  year ;  namely,  on 
March  21st  and  Sept.  23rd,  or  at  the  two  equinoxes. 

A  man  sailing  westward  round  the  world  would  lose  a  day ; 
and  one  sailing  eastward,  from  the  same  port,  would  gain  a  day; 
so  that,  when  they  arrived  in  that  port,  their  calculations  of 
time  would  differ  two  days. 

8.   VARIATION  IN  THE  LENGTH  OF  DAY  AND  NIGHT. 

The  equator  continues  only  one  day  at  the  plane  of  the  orbit, 
or  exactly  opposite  the  sun ;  but  in  Uie  progress  of  the  year 
towards  midsummer,  the  sun  seems  to  come  every  day  nearer 
to  us,  who  live  more  than  half  way  between  the  equator  and 
north  pole. 

To  represent  this  by  the  artificial  globe ;  the  north  pole  must 
every  day  be  raised  a  little  above  the  board  ;  and  the  south  pole 
depressed  proportionately  below  it  This  is  equal  to  about  15 
minutes  or  171  English  miles  a  day.  Therefore,  every  time  the 
meridian  of  London  comes  to  the  weight,  the  weight  will  point 
to  a  place  about  15  minutes  farther  north  than  on  the  preceding 
day.  This  will  continue  till  midsummer,  when  the  weight  will  be 
at  nearly  23)  deg.  the  summer  solstice,  or  where  the  sun  halts 
and  then  retreats.    Fig.  5.  represents  the  globe  in  this' position. 

Should  the  globe  be  turned  round,  while  in  this  position,  the 
small  weight  will  circumscribe  a  line  parallel  to  the  equator, 
which  is  the  tropic  of  Cancer. 

At  the  place  where  the  globe  touches  the  board  23}  deg. 
under  the  north  pole,  circumscribe  a  line,  for  the  arctic  cirde. 
Then  draw  corresponding  lines  in  the  southern  hemisphere  for 
the  tropic  of  Capricorn^  and  the  antarctic  circle,  as  shewn  at 
page  19.  'Diese  lines  are  generally  dotted  on  the  maps  and  arti- 
ficial globes,  to  distinguish  them  from  the  parallels  of  latitude. 

While  the  globe  is  in  this  position,  one  half  being  always 
above  the  board,  there  wiU  still  be  90  deg.  from  all  sides  of  the 
weight  to  the  board ;  so  that  half  of  the  world  is  always  in  day- 
light.   The  experimenter  will  also  observe,  that  if  the  line  Z  N, 
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representing  the  plane  of  the  orbit,  were  continued,  it  would 
fttfll  pass  through  the  globe's  centre. 

Having  the  meridian  of  London  and  the  tropic  of  Cancer  at 
the  weight,  it  will  be  12  o'clock  at  London  on  Uie  21st  of  June. 
Turn  the  globe  eastward  till  London  cuts  the  board ;  counting 
how  many  meridian  lines  pass  the  weight,  one  and  a  half  being 
an  hour ;  and  it  will  appear,  that  the  sun  sets  20  minutes  past 
8  o'clock  at  London ;  and  rises  20  minutes  before  4,  making  the 
day  almost  17  hours  long. 

All  that  part  of  the  globe  beyond  601  deg.  north  latitude,  will, 
in  this  revolution,  never  descend  below  the  terminator :  conse* 
qnently,  there  will  bo  no  night.  While,  on  the  contrary,  a 
corresponding  portion  round  the  South  Pole  will  never  ascend 
into  day-light. 

It  is  perhaps  needless  to  tell  the  young  astronomer,  that  the 
globe  now,  as  represented  Fig.  6,  represents  summer  in  the 
northern  hemisphere;  and  winter  in  the  southern.  And,  that 
to  represent  winter  in  the  northern,  and  summer  in  the  south- 
em  part  of  the  world,  the  south  pole  must  be  as  much  elevated 
above  the  board  as  it  is  now  depressed;  and  the  north,  depres- 
sed as  much  as  it  is  now  raised :  when  the  length  of  the  day 
and  night  will  be  reversed. 

With  the  above  directions,  he  will  be  enabled  to  find  the 
length  of  day  and  night  at  any  place  whatever,  on  any  particular 
day  of  the  year.  Thus  :  on  the  1st  of  May,  the  weight  will  be 
at  16  deg.  9  m.  on  the  meridian  of  London;  and  the  sun  will 
be  found  to  rise  20  minutes  before  5  o'clock,  and  set  20  minutes 
after  7.  Also,  when  it  is  at  12  o'clock  or  any  other  hour  with 
himself,  he  may  find  the  hour  of  the  day  at  any  other  place. 
W)ien  it  is  12  at  London  or  Boston  in  Lincolnshire,  it  is  half- 
past  11  at  the  Land's  End,  the  most  westerly  point  of  England. 
At  Philadelphia,  North  America,  7  A.M.  At  Washington, 
6  A.M.  Midnight  under  the  meridian  of  New  Zealand. 
10  P.  M.  at  Botany  B|ty ;  and  6  P.M.  about  the  mouth  of  the 
Omnges,  or  at  Calcutta. 

The  experimenter  will  further  observe,  that  around  the  two 
Poles,  the  inhabitants,  if  there  be  any,  can  have  but  one  day 
and  one  night  in  the  year.  All  that  live  within  the  Arctic  Cir- 
cle must,  at  midsummer,  see  the  sun  circling  round  them  with- 
out setting.  If  they  are  not  at  the  Pole  the  sun  will  be  twice 
on  the  meridian  in  24  hours ;  but,  of  course,  higher  at  our  noon 
than  at  midnight 
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Suppose  the  observation  is  made  at  80  deg.  north  latitude. 
Then,  on  the  21st  of  June»  when  the  sun  is  on  the  meridian  at 
noon,  he  will  be  directly  south  33  V  deg.  high,  or  about  as  high 
as  we  have  him  in  England  the  first  week  in  March  or  the 
second  week  in  October.  But  when  the  sun  is  on  the  northern 
part  of  the  meridian,  or,  it  is  what  we  would  call  midnight, 
he  ^U  be  seen  over  the  north  pole  with  an  altitude  of  only 
13i  deg. 

Nevertheless,  if  viewed  from  the  pole,  this  variation  of  the 
sun's  altitude  could  not  take  place ;  but  he  would  be  seen  to 
circle  round  23i  deg.  above  the  horizon ;  or,  as  high  as  he  is  at 
London,  when  on  the  meridian,  about  Nov.  18th  or  Jan.  23rd. 
At  the  autumnal  equinox,  the  sun  would  be  on  the  horizon, 
would  then  set  or  disappear;  and  be  no  more  seen  till  the 
vernal  equinox,  when  he  would  rise,  and  thence  increase  in 
altitude  till  the  21st  of  June. 

0.  TWIUOHT. 

Though  we  have  said  that  the  board  of  the  artificial  globe,  or 
C  D  Fig.  6.  is,  as  being  the  place  where  the  sun  rises  and  sets, 
the  boundary  of  light  and  darkness ;  yet  this  was  merely  done 
to  avoid  greater  inconveniences.  It  is  well  known  that  there  is 
day-light  in  the  sky,  for  a  considerable  time  before  and  after  the 
rising  and  setting  of  the  sun ;  which  interval  of  time  is  called 
iwilighi. 

The  rays  of  the  sun  falling  upon  the  upper  part  of  the  atmo- 
sphere, are  bent  or  refracted  downwards;  (see  Chap.  VIII.  s.  2.) 
and  the  light  thus  afibrded,  continues  till  the  sun  is  sunk  18  deg. 
below  the  horizon ;  or  commences  in  the  morning  at  the  same 
distance  before  he  arrives  at  it.  When  the  sun  is  at  the  equator 
these  18  deg.  being  turned  into  time,  are  equal  to  1  hour  12  min. 
and  make  the  day  firom  the  time,  that  it  first  dawn  in  the  east, 
to  its  last  glimmering  in  the  west,  14  hrs.  24  min.  long.  But 
when  the  sun  is  at  the  summer  solstice,  the  young  astronomer 
will  perceive,  by  turning  his  globe,  that  no  part  of  England  is 
ever  18  deg.  below  the  horizon ;  consequently,  at  midsummer, 
we  have  no  night ;  and  in  the  north  of  Scotland,  the  sun,  at 
midnight,  is  little  more  than  8  deg.  below  the  horizon. 

From  this  it  will  appear,  that  they  have  much  less  twilight  in 
the  torricl  zone,  than  in  either  of  the  temperate  zones ;  and  that 
in  the  frigid  zones  they  have  twilight  for  nearly  6  weeks  toge* 
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thcr.  The  density  of  the  atmosphere  is  also  greater  around  the 
poles ;  and  this  increases  its  refractive  powers  still  more ;  so 
that,  it  adds  two  or  three  days  to  the  above  periods.  These 
periods  of  twilight,  being  twice  in  the  year,  greatly  curtail  their 
long  and  dreary  nights. 

10.  THE  earth's  orbit  AN  ELLIPSIS. 

For  the  sake  of  avoiding  greater  inconveniences,  we  have 
hitherto  treated  of  the  orbits  of  the  planets  as  if  they  were  cir- 
cles, while,  in  fact,  they  are  ellipses,  having  the  sun  in  one  of 
the  foci. 

Fig.  6,  is  an  ellipsis ;  and  the  points  S  and  b  are  its  foci ;  at 
one  of  which  S  is  the  sun.  But  as  the  mean  distance  of  the 
earth  from  the  sun,  i&  95  millions  of  miles ;  and  the  eccentricity 
only  about  14  millions ;  it  differs  so  little  from  a  circle,  that  it 
is  scarcely  perceptible  in  a  figure  drawn  on  paper,  if  the  due 
proportions  are  preserved.  For  if  the  shorter  distance  A  S  be 
represented  by  two  inches ;  then  the  longer  S  B  should  be  only 
a  sixteenth  part  of  an  inch  more ;  therefore  in  this  figure  the 
reader  must  not  look  for  accuracy  of  proportion. 

The  line  S  D  is  equal  to  the  mean  distance ;  the  space  between 
C  and  S  is  the  eccentricity,  which  in  the  earth's  orbit  is  equal 
to  1,618,000  miles ;  this  added  to  the  mean  distance,  95,000,000* 
gives  the  distance  S  B  96,618,000  miles,  which  is  the  greatest 
distance  of  the  earth  from  the  sun.  It  is  called  the  aphelion  dis- 
tance ;  and  the  point  of  the  orbit  B  is  called  the  aphelion.  The 
space  A  S  represents  the  least  distance  of  the  earth  from  the 
sun  ;  and  is  equal  to  the  difference  between  the  mean  distance 
and  eccentricity,  or  93,382,000.  The  point  A  is  called  the 
perihelion. 

As  the  earth  is  at  the  aphelion  point  B  in  summer,  and  at  the 
perihelion  point  A  in  winter:  it  is  evident  that  we  are  nearer 
the  sun  in  winter  than  in  summer,  by  twice  the  eccentricity  or 
3,236,000  miles. 

The  line  A  B,  called  the  line  of  apsides,  is  not  stationary ;  that 
is,  it  does  not  continue  at  the  same  two  opposite  points  of  the 
ecliptic  ;  but  its  two  ends,  or  the  aphelion  and  perihelion  points, 
are  continually  advancing  in  the  order  of  the  signs.  This  pro- 
gression is  equal  to  1  deg.  44min.  in  a  century;  so  that,  it  would 
require  about  20,700  years  before  the  line  of  apsides  would  make 
a  complete  revolution.    The  perihelion  A  coincided  with  the 
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▼ernal  equinox,  or  was  at/,  about  the  year  4089  before  Christ; 
was  at  the  winter  solstice  I  in  the  year  1260  of  the  Christian 
8Bra ; — and  will  be  at  the  autumnal  equinox  or  e  in  the  year  6483. 

A  planet-does  not  proceed  with  the  same  velocity  tiirough  all 
parts  of  its  orbit  Its  motion  is  quickest  at  the  perihelion^  and 
slowest  at  the  aphelion.  It  was  discovered  by  Kepler,  that  the 
planets  pass  over  equal  areas  of  their  orbits  in  equal  spaces  of 
time.  Thus :  suppose  that  part  of  the  orbit,  included  within 
A  S  6,  equal  to  that  within  BSE,  then  the  earth  will  be  the 
same  time  in  travelling  along  the  short  space  of  the  ecliptic 
between  B  and  £,  that  it  is  the  much  longer  space  included 
between  G  and  A.  The  earth's  daily  progress  through  the  signs 
is,  when  at  the  perihelion  61  min.  11  sec.  but  at  the  aphelion  it 
is  only  57  min.  10  sec.  being  one  fifteenth  less :  making  a  mean 
of  59  min.  30. 

By  this  accelerated  motion,  the  earth  performs  the  half  of  its 
revolution  D  AF,  in  about  8  days  less  than  the  other  half: — 
hence,  the  summer  half-year  is  longer  than  the  winter  half. 
But  the  two  areas  of  the  plane  of  the  orbit  bear  the  same  pro- 
portion to  each  other :  the  part  D  S  F  B,  being  considerably 
larger  than  D  S  F  A. 

11.    ADJUSTMENT  OF  THE  DAY. 

It  is  found  that  a  good  clock,  going  right  all  the  year  round, 
will  often  vary  from  the  time  of  day  as  shewn  by  a  sun-dial. 
For,  though  the  earth  always  revolves  on  its  axis  in  exactly  the 
same  space  of  time ;  yet,  owing  to  the  inclination  of  the  axis  to 
the  plane  of  the  orbit,  and  to  the  different  velocities  at  which 
the  earth  moves  in  its  orbit,  the  same  place  will  not,  after  the 
same  intervals,  be  exactly  opposite  the  sun. 

From  Dec.  24th  till  April  15th,  the  clock  will  be  before  the 
sun;  thence  to  June  16th,  the  sun  will  be  before  the  clock;  from 
this  period  to  Aug.  31st,  the  clock  will  be  again  before  the  sun ; 
and  thence,  to  Dec.  24th,  the  sun  will  be  before  the  clock. 
From  this  it  appears  the  sun  and  clock  will  be  together  four 
times  in  the  year. 

Draw  an  ecliptic  circle  upon  the  globe,  as  represented  by 
Ae,  bB  Fig.  8 ;  and  divide  the  quadrant  from  A  to  &  into  any 
number  of  equal  parts,  suppose  two,  by  the  point  e;  and  the 
corresponding  part  of  the  equator  A  d  also  into  two  equal  parts 
by  the  point/. 
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Now  were  the  sun  to  proceed  along  the  equator,  the  clock 
and  sun  woold  be  always  together.  Suppose,  then,  the  clock 
to  keep  the  eqi^atorial  time,  while  the  sun  proceeds  along  the 
ecliptic;  it  wil)  be  found,  w^n  the  globe  is  mored  sq  a9  to  re- 
present the  sun  advancing  from  the  vernal  equinox  A,  to  the 
summer  solstice  b;  that  the  point  e,  where  the  sun  is  on  the  ecUp- 
tic,  will  come  to  the  small  weight  before  the  point/ on  the  equa- 
tor is  opposite  to  it :  consequentlj  the  sun  will  he  before  the 
clock.  But  thej  will  both  arrive  at  the  line  £  F  at  the  same 
time,  and  will  be  together. 

When  thej  are  past  this  lii^e,  and  the  sun  is  proceeding 
along  the  curve  b  B,  the  point  on  the  equator  will  come  oppo- 
site to  the  weight,  before  the  point  on  the  ecliptic  touches  it 
Thej  will  be  together  again  when  the  sun  arrives  at  B;  and  the 
same  might  be  traced  through  the  other  quarters. 

The  other  part  of  the  equation  arises  from  the  different  velo- 
cities with  which  the  earth  proceeds  in  its  orbit  The  variation 
is  the  greatest  about  March  30th,  and  October  3rd ;  and  least, 
or  nothing,  iibout  July  ist  ai^d  De^cember  dlst,  ^hen  the  earth 
and  sun  are  at  the  apsides. 

Suppose  the  earth  at  the  aphelion  point  ]B  Fig.  .6 ;  then  the 
sun  will  appear  at  A;  and  while  the  earth  mpves  in  its  orbit 
from  B  through  the  points  £  D  G  to  A,  the  sjon  will  appear  to 
move  from  A  through  F  to  the  point  B.  And  suppose  an  ima- 
ginary star  to  leave  the  point  A  along  with  the  sun;  and  to  tra- 
vel likewise  round  the  ecliptic,  but  with  a  d^y  equable  motion; 
while  the  sun,  by  reason  of  the  earth's  Q,nequal  motion,  will  pro- 
ceed with  an  unequal  motion.  Now  we  ni^st  suppose  the  star 
to  keep  the  mean  time,  or  the  time  of  ft  well  regulated  clocks 
while  the  sun  shews  the  apparent  tio^e.  As  th^e  motioj;i  of  the 
earth  when  at  B,  is  the  slowest;  and  the  sun  t^d  star  are  now 
together  on  the  merjidian;  pn  the  next  day,  when  they  come  to 
the  meridian,  the  star  w;ill  have  advanced  further  than  the  sun; 
and  as  the  earth  turns  round  on  its  axis  frqm  west  to  east,  .that 
is,  in  the  order  of  the  letters  B  £  D  G  A  F,  the  meridian  will 
come  to  the  sun  before  it  coi^es  to  the  star.  Suppose,  on  Oct. 
3rd,  when  the  variation  is  the  greatest,  that  the  star  is  at  the 
line  P  F,  while  the  earth  is  only  at/;  the  si^i  will  then  appear 
at  e,  while  the  star  b  at  F ;  it  is  evident,  therefore,  that  the 
meridian  will  come  to  e,  before  it  arrive  at  F ;  and  consequently, 
the  son  will  be  before  the  clock. 
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But  as  the  earth's  motion  is  now  every  day  accelerated ;  by 
the  time  the  earth  arrives  at  A,  when  its  velocity  is  the  greatest, 
the  son  will  have  overtaken  the  star ;  and  they  will  be  both  at 
B ;  consequently,  the  clock  and  snn  will  be  together. 

As  the  earth's  motion  is  greater  than  the  mean  motion, 
through  the  other  half  of  the  orbit,  the  sun  will  be  before  the 
star ;  and  the  star  will  be  on  the  meridian  before  the  sun ;  or, 
the  clock  will  be  before  the  sun. 

In  this  latter  case  the  clock  and  sun-dial  are  together  twice 
in  the  year,  viz.  when  the  earth  is  at  its  apsides ;  whereas,  by  the 
obliquity  of  the  ecliptic,  they  are  four  times  together,  that  is,  at 
the  four  cardinal  points.  Therefore,  to  make  a  regular  table, 
which  shall  point  out  the  exact  space  of  time,  that  the  clock  and 
sun  will  vary  every  day  in  the  year,  the  above  variation  must  be 
compounded.  Such  a  table  is  given  in  most  almanacks,  and  is 
called  the  Equation  of  Time. 

The  irregularities  of  the  earth's  motion,  (and  the  motions  of 
all  the  planets  are  as  irregular),  very  much  increase  the  difficul- 
ties in  astronomical  operations ;  and  another  circumstance  far- 
ther augments  them,  viz.  the  line  of  apsides  A  B,  Fig.  6,  does 
not  coincide  with  the  solstices,  H  I :  they  differ  9  deg. 

The  time  in  which  the  earth  makes  one  complete  revolution  on 
its  axis,  as  shewn  by  a  fixed  star's  leaving  and  return  to  the 
meridian,  is  23  hrs.  56  min.  4^  sec.  of  mean  solar  time.  1  his 
is  called  a  sidereal  day.  In  the  course  of  a  year,  these  3  min. 
65^  sec.  daily  required  to  bring  the  sun  to  the  meridian,  amount 
to  a  sidereal  day ; — so  that,  there  are  366  sidereal  days  or  com- 
plete revolutions  of  the  earth  on  its  axis,  for  365  solar  days : — 
though  this  varies  a  little  by  the  precession  of  the  equinoxes. 

The  astronomical  day  differs  from  the  civil  day.  The  former 
is  counted  from  the  time  the  sun  is  on  the  meridian  one  day  till 
he  is  on  the  meridian  the  following  day,  numbering  to  24  hours; 
while  the  latter  is  counted  from  midnight  to  midnight,  having 
12  hours  A.M.  and  12  hours  P.M.  The  astronomical  day  is 
12  hours  behind  the  civil  day.  For  example,  June  23rd,  at  5 
o'clock  in  the  afternoon  the  two  days  may  be  considered,  with 
respect  to  the  numbering  of  the  hours,  as  together;  but  5  o'clock 
the  following  morning,  it  will  be,  according  to  the  civil  day, 
June  24th ;  while  it  is  only  June  23rd  17  hrs.  by  the  astrono- 
mical day. 
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12.  PRBCBSSION  OF  THB  EQUINOXES. 

The  inclination  of  the  earth's  axis  to  the  plane  of  the  orbit 
is  not  permanent ;  but  is  continually  diminishing  at  the  rate  of 
about  half  a  second  every  year,  or  52^  seconds  in  a  century. 
The  obliquity  of  the  ecliptic  is  now,  1824,  23  deg.  27m.  48is. 

Hence,  after  the  equator  has  left  the  vernal  equinox,  and  be- 
fore it  arrive  at  the  autumnal,  the  inclination  will  have  dimin- 
ished  one  quarter  of  a  second*  The  axis  being  therefore  so 
much  nearer  perpendicularity,  the  equator  will  come  to  the 
plane  of  the  orbit  before  the  earth  has  completed  a  full  half  of 
its  revolution. 

Suppose  e.  Fig  6,  the  exact  point  where  the  equator  touches 
the  plane  of  the  orbit  at  the  vernal  equinox ;  then,  if  the  incli- 
nation remained  the  same,/would  be  the  point  for  the  autumnal 
equinox;  but,  as  it  has  altered  a  quarter  of  a  second,  it  will  cut 
it  at  g^  25^  seconds  of  a  degree,  or  nearly  10  min.  12  sec.  in 
time,  before  it  comes  to/. 

These  60}  sec.  per  annum  are  equal  to  30  deg.  in  about  2,149 
years;  or  a  complete  revolution  in  about  26,790  years.  And, 
as  the  equinoctial  points  determine  the  signs,  it  is  evident  the 
signs  must  he  moving  backwards,  so  far  as  the  ecliptic  is  marked 
out  by  the  fixed  stars.  This  motion  is  called  the  preceuion  of 
the  equinoxes. 

By  reason  of  the  precession  of  the  equinoxes,  the  stars,  which 
were  2,149  years  ago  in  Aries,  are  now  exactly  in  Taurus ;  and 
all  the  other  stars  of  the  zodiac  are  likewise  one  sign  advanced. 
Hence,  we  see  on  the  celestial  globes,  or  on  the  wooden  horizon 
of  the  terrestrial,  the  figure  of  the  ram  qp,  removed  about  40 
degrees  from  the  first  point  of  Aries.  This,  carried  back, 
would  lead  us  to  determine,  that  it  is  about  2,865  years  since  the 
zodiac  was  divided  into  signs,  or  since  the  constellations  of  th^ 
zodiac  were  formed. 

Between  every  71  and  72  years  the  equinoxes  will  have  pre- 
ceded one  degree,  or  be  one  degree  nearer  the  line  of  apsides ; 
consequently,  celestial  globes,  that  are  72  years  old,  will  exhibit 
the  fixed  stars  one  degree  from  their  proper  places  with  respect 
to  the  numbering  of  the  signs ;  and  therefore  they  should  be 
renewed  once  in  that  period. 

e2 
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13.   ADJUSTMENT  OP  THE  TBAR,  CHANGE  OP  8TILE,  AND 
LEAP  YEAR. 

As  the  two  Solstices  are  at  an  equal  distance  between  the  two 
equinoxes;  it  is  evident  from  what  was  said.  Section  12,  that 
the  space  "of  time  included  between  the  moment  the  eatth  leaves 
the  summer  solstice  to  the  moment  of  its  return,  will  be  less  than 
that  taken  up  from  the  earth's  leaving  and  return  to  a  fixed  star, 
by  fhe  time  required  to  move  over  the  50}  seconds,  which  the 
equinoxes  have  retrograded.  The  former  is  called  the  tropical 
or  Bolar  yekr ;  and  is  fotmd  to  consist  of  365  days  6  hrs.  48  min. 
and  48  sec;  and  the  latter,  called  tiie  iidefial  year,  consists  of 
365  days  6  hrs.  9  min.  12  sec: — ^making  a  difference  of  20  min. 
24  sec. 

Thectri/ycaJr,  whitfhis  mkde  to  consist  of  3^5  days  labours, 
is  nearly  a  mean  'b^twe^the  tropical  imd  sidereal  year.  But 
the  civil  year  will  thus  elceed  the  tropical,  11  min.  12  sec;  and 
this  excess  was  the  occasion  of  the  change  of  stOe  in  the  yea:r 
1752. 

At  die  CJouncil  of  Nice,  A.  D.  825,  the  calendar  was  adjusted, 
hut  the  11  min.  12  sec.  Vere  hot'iiotfced  ;  nor  indeed  wer6  they, 
till  diey  had  caused  the  fkl^ts  aiid  festivals  to  be  ll  days  removed 
from  the  seaSons  at  Which  they  Vefe  originally  fixed.  Hk^^lnfi 
years,  this,  had  it  notbecm  Rectified,  would  have  made  midsum- 
mer fall  in  December;  or,  in  other  words,  the  seasons  would 
have  been  reversed  with  respect  to  the  months.  Therefore  at 
the  change  of  stile,  11  days  were  cut  off*  to  bring  the  faSts  and 
festivals  back  again.  And,  to  keep  them  always  at  the  same 
seasons,  it  was  found  necessalry  to  leave  out  the  leap  year  at  the 
end  of  every  century  not  divisible  by  4.  Thus,  the  centuries  17, 
18, 19,  otherwise  leap  years,  and  containing  366  days,  only  cbn- 
tain'866.  Sut  -^e  old  terms  go  on  as  usual,  at  the  rate  of 
18  hrs.  40  min.,  (though  to*keep  the  calendar  Correct  according 
to  the  above  statement  it  should  be  only  18  hbuts),  in  a  century ; 
so 'that,  in  ^bout  47,000  y^ibrs  thi^y  trill  have  gained  a  revolution 
of  the  n^,  and  both  will'be  tbgether  ag^. 

TlAit  ihe  odd  6  hotirs  of  the  dvil  y^ar  may  be  tidcen  into^the 
i«(6ohiit,  'a  'day  is  added  eVery  fburUi  year,  ^cept  ih  '(he  cen- 
turi^ M&boveteentioned,  to  the  end  tff  Tebttitfl^': lfittkin|^'that 
month  to  contain  29  days  instead  of  "^18.   ^On  &is  tfCtontit  it  is 
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caDed  Leap-yeenr;  because  it  leapt  or  passes  over  a  day.  Thus; 
if  the  Ist  of  March  be  on  a  Monday,  in  the  next  year,  not  being 
leap  year,  it  will  be  on  the  Tnesday ;  bnt  if  leap  year,  it  will 
leap  over  Tnesday  and  fall  on  the  Wednesday. 

It  is  sometimes  called  Bissextile ;  because,  when  the  year  was 
made  by  Jnlius  Caesar  to  consist  of  865  days  6  hours,  sometimes 
called  from  him  "  The  Julian  Year,"  the  Oth  day  of  March  was 
doubled  for  the  additional  day  of  the  leap  year ;  hence,  Bi§-§e»- 
tiie,  that  is,  of  or  belonging  to  twice  the  sixth. 

14.   FIGURE  AND  CIRCUMFERENCE  OF  THE  EARTH 
ASCERTAINED. 

Thr  true  shape  off  the  earth  is  not  that  of  a  perfect  spiiere, 
btit  of  an  ablate  spheroid,  being  a  fitde  flatted  at  the  poles  lilce  an 
tn^Bidge.  The  axis  or  polar  diameter  is  34  miles  sborler  than  the 
diameter  of  the  plane  of  the  equator.  This  was  diaoovered  by 
Sir  I.  Newton,  (see  Chap.  6.  s.  4.)  bnt  at  the  sune  time  that  1m 
made  Ihe  discovery,  a  foreign  astronomer,  named  Cassim, 
asserted  the  earth's  figure  to  be  that  of  a  prolate  spheroid ;  or 
that  its  poles  are  a  little  extended  instead  of  flatted.  To  settle 
the  dispute,  the  King  of  France,  Louis  XV.  sent  out  two  parties 
of  astronomers ;  the  one  party,  to  measure  a  degree  of  latitude 
upon  the  meridian  near  the  arctic  circle ;  and  the  other,  to  do 
the  same  at  or  near  the  equator.  This  was  done  in  Lapland  and 
Peru ;  and  the  result  of  their  laborious  travels  established  what 
Newton  had  demonstrated  in  his  closet 

The  principle  on  which  they  proceeded,  and  on  which  one 
means  of  finding  the  circumference  of  the  earth  is  founded,  is  as 
follows. — Having  fixed  on  a  star  in  the  zenith,  and  on  another 
at  one  degree  to  the  north  or  south  of  it ;  then,  measure  the 
space  along  the  earth's  surface  to  the  point  whereat  the  second 
star  is  in  the  zenith ;  or  what  is  the  same  thing,  till  the  first  star 
is  one  degree  to  the  north  or  south.  The  space  thus  measured 
wffl  give  the  length  of  a  degree  upon  the  earth's  surface ;  which 
is  found  to  be  nearly  equal  to  6^  English  miles.  And  as  the 
number  of  degrees  in  the  whole  circle  surrounding  the  earth  it 
960,  BO,  the  whole  circumference  of  the  earth  will  be  24,912 
mfles. 

But  as  the  French  astronomers  found,  that  the  space  mea- 
sured under  the  equator,  was  less  by  4,200  feet,  than  that  near 
the  arctic  circle;  so,  they  concluded  that  the  curvature  of  the 


Digitized  by  VjOOQIC 


38  THE  EARTH. 

earth's  surface  is  greater,  or  forms  the  arc  of  a  less  circle, 
across  the  equator,  than  it  does  across  the  arctic  circle ;  coa- 
sequently,  that  the  polar  diameter  must  he  shorter  than  the 
equatorial. 

It  is  evident  that  what  we  call  a  level  along  the  earth's  sur- 
face, is  not  in  a  straight  line  or  tangent  from  any  point,  as  the 
line  Q  R,  Fig  3.;  hut  a  curve,  which  falls  below  the  straight  line 
about  8  inches  in  the  first  mile ;  four  times  that,  or  32  inches  in 
the  second  mile ;  nine  times  8,  or  72  inches  in  the  third  mile ; 
and  so  on,  increasing  as  the  square  of  the  distance :  (see  the 
lines  1,  2,  3,  4,  Fig.  3.) 

Hence,  seeing  a  ship  at  sea,  the  height  of  whose  masts  above 
the  surface  of  the  water  we  know,  we  can  determine  its  distance* 
Suppose,  for  instance,  the  top  of  the  ship's  main-mast  have  an 
elevation  of  100  feet  above  the  surface  of  the  sea ;  the  specta- 
tor's eye  an  elevation  of  60  feet;  and  the  top  of  the  mast  be  just 
visible  in  the  horizon.  Then  the  two  elevations  added  togeUier 
will  give  1800  inches;  which  divided  by  8,  will  give  226;  the 
square  root  of  which  is  16,  that  is  miles,  the  distance  of  the  ship. 
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CHAP.  III. 
The  Moon.     (Astronomy) 


1.  Magnitudb,  Oebit,  ahd  Motion.  2.  Phases  or  Change  3.  Lunar 
Day  and  Night.  4.  The  Earth  as  viewed  from  the  Moon.  5. 
Eclipses.  6.  Solar  Eclipses.  7.  Lunar  Eclipses.  8.  The  Harvest 
Moon.    9.  Tides. 


.     1.    MAGNITUDE,  ORBIT,  AND  MOTION. 

The  Moon  is  a  secondary  planet  revolnng  round  ihe  earth  in 
the  same  manner  as  the  earth  moves  round  the  sun.  This 
luminary  has  no  light  of  its  own  ;  but  like  the  earth,  has  always 
one  half  of  its  disc  obscured  in  darkness,  and  the  other  illumi- 
nated with  the  solar  rays;  some  of  which,  in  certain  positions, 
are  reflected  to  the  earth  and  constitute  our  moonlight. 

The  moon's  diameter  is  2161  miles,  which  is  a  little  more  than 
one  fourth  of  the  earth's  diameter ;  but  the  earth,  in  cubic  mag- 
nitude, is  about  48  times  larger  than  the  moon.  The  lunar  orbit 
is  eUiptical;  the  mean  distance  from  the  earth's  centre  is  236,267 
miles ;  and  the  mean  eccentricity  12,960;  so  that,  in  one  part  of 
the  orbit  the  moon  is  249,227  miles  from  the  earth,  and  in  the 
opposite  part  only  223,307.  The  point  of  the  moon's  orbit 
nearest  the  earth  is  called  the  perigee ;  and  that  at  the  greate^ 
distance  the  apogee.  The  line  joining  these  points  and  passing 
through  the  earth's  centre  is  the  line  of  apHdes. 

From  the  time  of  the  moon's  leaving  a  fixed  star  in  the  zodiac, 
till  her  return  to  it  again,  is  27  days  7  hrs.  43  min.  Hi  sec.  But 
at  the  end  of  that  time,  and  before  the  moon  overtakes  the  earth, 
the  earth  will  have  advanced  29  d6g.  6  min.  20  sec.  in  its  orbit ; 
so  that  the  time  from  one  new  moon  to  another,  called  a  lunation, 
is  29  days  12  hrs.  44  min.  2f  sec. 
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The  moon's  mean  progress  round  the  earth  is  at  the  rate  of 
ahout  2,290  miles  per  hour ;  at  the  mean  daily  rate  of  13  deg. 
10  min.  35  sec.  along  the  ecliptio.  But  this  planef  s  motion, 
like  that  of  all  the  secondaries,  is  very  irregular.  The  velocity  ^ 
is  the  greatest  at  full  and  change,  but  especially  at  change ;  and 
the  least  at  the  quadratures.  In  every  revolution  the  lunar 
orbit  varies  in  eccentricity ;  and  the  greatest  irregularity  is  when 
the  line  of  apsides  is  in  a  line  with  the  earth  and  sun.  But 
when  this  line  is  in  the  quadratures,  the  eccentricity  of  the  orbit 
is  the  least.  All  these  irregularities  are  caused  by  the  inter- 
ference of  the  sun ;  and,  therefore,  when  the  earUi  is  at  the 
perihelion  the  sun's  influence  is  the  greatest.  The  moon  then 
describes  the  largest  orbit,  and  is  somewhat  longer  in  perform- 
ing a  revolution,  so  that  the  lunar  month  is  observed  to  be  a 
little  longer  in  winter  than  in  summer.  By  reason  of  the  above 
irregularities  in  the  moon's  velocity,  she  does  not,  as  the  primary 
planets  do,  describe  equal  areas  of  her  orbit  in  equal  spaces  of 
time. 

In  revolving  roand  the  earth,  the  moon  always  keeps  the  same 
side  towards  the*earth  ;  so  that  the  time,  in  which  she  completes 
a  revdutiom  on  her  own  axis,  is  precisely  equal  to  the  time  of 
one  lunation,  or  29  days  12  hrs.  44  min.  2^  sec. 

The  plane  of  the  moon's  orbit  does  not  coincide  with  that  of 
the  eaurth*  The  orbits  make  an  angle,  at  a  mean,  of  5 deg.  9min. 
bat  this  angle  is  continually  varying,  being  when  at  the  greatest 
5  deg.  18  min.;  and  when  at  the  least  only  6  deg.  On  account 
of  the  want  of  coincidence  in  these  planes,  half  of  the  lunar 
i^eveliiti<m  is  performed  on  the  north  side  of  the  ecliptic,  or  in 
northern  latitude ;  and  the  other  half  on  the  south  side  or  in 
southern  latitude.  The  points  where  the  moon  crosses  the 
ecliptic,  or  <Gut8  the  plane  ot  the  earth's  orbit  are  called  nodes. 

The  Une  of  the  moon's  apsides  is  continually  changing  place, 
advancing  aU  round  the  orbit  in  8yrs.  312days  11  hrs.  Umin. 
09iaee.  The  moon  will,  therefore,  in  every  lunation  cut  the 
fk$Be  of  the  earth's  orbit  a  little  before  she  arrives  at  the  place 
whereat  she  cut  in  the  preceding  revolution ;  consequently,  the 
nodes  Jiave  a  backward  moUon  along  the  ecliptic ;  and  in  this 
manner  make  a  complete  revolution  in  18yrs.  223days  7  hours 
13min.  17isec  This  period  is  called  the  grtmt  lunar  year, 
because  in  it  we  have  a  recurrence  of  all  the  same  eclipses. 

But  the  motion  of  the  line  of  apsides  is  very  irregular.  For, 
though  its  progress  is  according  to  the  order  of  the  signs,  when 
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it  is  at  or  near  the  place  of  change;  yet,  when  it  is  at  the 
quadratures  it  has  a  contrary  motion.  In  this  latter  case,  the 
regress  of  an  entire  Innation  exceeds  the  progress;  bat  the  pro- 
gress, when  the  apsides  is  in  a  line  with  the  earth  and  sun,  so 
mach  exceeds  the  regress  when  the  apsides  is  in  the  quadra- 
tares,  as,  in  a  number  of  revolutions,  to  occasion  the  great  lunar 
jearabove  described. 

The  axis  of  the  moon  is  inclined  to  the  plane  of  the  ecliptic 
at  sn  angle  of  88deg.  29min.  49  sec;  but,  to  the  plane  of  her 
own  orbit,  at  an  angle  of  83deg.  20min.  49  sec;  or,  the  moon's 
equator  is  inclined  to  the  plane  of  the  orbit  at  an  angle  of  6deg. 
^min.  Usee  allowing  the  mean  inclination  of  the  two  orbits 
an  angle  of  5deg.  9min. 

As  the  axis  of  the  moon  is  not  perpendicular  to  the  plane  of 
.her  orbit;  when  at  her  greatest  northern  latitude,  we  can  see 
mere  of  her  northern  limb,  or  more  of  the  black  spots  around 
the  north  pole ;  and  when  at  the  greatest  southern  latitude,  we 
see  more  of  the  southern  limb,  or  of  the  black  spots  around  the 
south  pole.     This  is  called  the  moon's  libratum  in  latUude. 

From  the  irregular  motion  of  the  moon  around  the  earth,  and 
the  uniform  motion  on  her  own  axis,  we  at  one  time  see  a  little 
more  than  usual  of  her  western  limb ;  and  in  the  opposite  part 
of  the  orbit,  a  little  more  of  the  eastern  limb.  This  variation  is 
at  the  greatest  about  7dcg.  3min.;  but  it  vanishes  when  the 
moon  is  near  the  apsides.     It  is  called  the  Ubratian  in  longitude. 

A  third  libration  arises  from  more  of  the  western  limb  being 
seen  at  rising,  and  more  of  the  eastern  at  setting : — this  is  called 
die  diumal  or  paraUactie  Hbratian. 

There  are  a  great  many  other  irregularities  in  the  moon's 
ttotion ;  so  that,  in  finding  the  longitude  by  this  luminary,  there 
are  about  dO  equations  to  be  applied  to  its  mean  longitude  before 
Ae  true  is  obtained ;  and  nearly  24  equations  for  its  latitude  and 
.parallax,  which  render  the  mere  finding  of  the  moon's  true 
ylace  in  the  heavens  a  work  of  considerable  labour. 

2.   PHASES  OR  CHANGE. 

The  planes  of  the  orbits  of  the  earth  and  moon  being  so  near 
a  coincidence,  that  is,  making  a  mean  angle  of  only  6deg.  9min. 
— it  is  evident,  that  the  moon  must  in  every  revolution  come 
almost  in  a  line  between  the  centres  of  the  earth  and  sun.    And 
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aft  onlj  that  hair  of  the  Innar  orb  next  the  s«ii  is  enUghtened^ 
when  the  moon  ii  at  this  eonjanctioii,  flie  whole  dark  mde  most 
be  towards  the  earth ;  eonseqaenUy,  the  moon  must  be  inTisi- 
Me :  this  is  called  change  or  new  ttioon :  (vide  C.  Fig.  7.) 

Thongh  the  moon  always  keeps  the  same  side  towards  the  earth; 
yet,  in  one  revolution,  dl  parts  of  the  lunar  orb  are  presented 
to  the  sun.  The  motion  of  the  moon,  like  that  of  all  the  planets, 
U  from  west  to  east ;  and  proceeding  along  the  signs  at  the 
daily  mean  rate  of  13deg.  lOmin.  95 sec,  she  soon  passes  so  far 
to  the  left  of  the  conjunction,  that  a  part  of  the  enMghtened 
hemisphere  is  composed  of  that  half  of  the  orb  presented  to  the 
earth :  consequently  we  see  it  with  two  sharp  horns.  At  the 
end  of  about  7 days  9hrs.  llmin.  the  moon  will  have  performed 
one  quarter  of  a  lunation,  attd  will  be  at  B.  We  shaD,  tiierefbre, 
see  one  half  of  her  enlightened  side,  which  has  the  appeu^oie^ 
of  a  semicircle.  The  right  ot  west  sid^  has  now  1^  sun  ver- 
tical,  and  the  left  or  east  side,  beitfg  direotiy  opposite,  is  in 
midnight.    This  is  called  the^r«e  quarter. 

Having  passed  this  point,  ^e  iaoon  no  longer  retain*  tke 
appak^ent  semicircular  fortai,  but  begins  to  swell  from  theeentre. 
Thi^  appearance  is  called  ^bbous ;  and  it  increases  till  the  dist 
1^  jperfectly  round ;  the  whole  of  the  moon's  enlightened  side 
being  towards  us.  The  earth  is  now  in  a  line  between  the  Btfh 
ahd  moon ;— 'the  moon  therefcyre  is  at  D,  and  is  said  to  be  st 
ojfipc^ikion :  this  is  the  time  of  full  moon. 

The  bioon  now  becomes  gibbous  on  the  Hght  or  west  side ; 
knd  continueB  waning  till  she  arrive  at  A,  the  third  quarter 
when  the  appearance  of  a  half  cirtile  is  again  presented :  Ite 
1^  6f  eastern  side  having  \hb  sun  rei'tica!,  and  l&e  Tight  the 
db^curity  of  toidnight.  After  which,  the  enlightened  pait  of 
her  disc  diminishes  till  ^e  finally  disappeak'd  for  another  change. 

The  last  sight  6f  the  old  itiooh  may  be  had  near  the  eaftterti 
horizon  among  the  rays  of  the  rfsing  suta ;  and  the  irst  sight  of 
the  new  moon,  near  the  western  verge  of  the  sky  amidst  IIm 
sun's  setting  beams.  When  the  moon  is  at  the  utmost  point  of 
southern  declination,  she  is,  when  on  the  meridian  at  London, 
only  9deg.  llmin.  above  the  horizon;  but  when  at  the  greatest 
northern  declination,  she  has,  when  ote  the  meridian,  an  altitude 
of  Wdeg.  41tnin.:  hence,  this  Imninary  sottettawra  appears 
ahndfft  over  oulr  heads,  and  a  fortnight  after  deetaia  scarcely  to 
ri^  above  the  southern  horizon. 
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3.   LUNAR  DAY  AND  NIGHT. 

In  one  lunation  it  will  be  seen  that  ^U  parts  of  the  moon's 
sur&ce  wiU  Jiave  been  towards  the  sun  once,  and  only  once; 
so  that  the  lunar  day  and  night  mast  be  eqnal  to  more  than  29} 
of  oars. 

At  new  moon,  the  side  towards  the  son  will  have  noon,  and 
the  side  directly  towards  the  earth,  midnight  At  the  first 
qoarter  the  former  place  will  be  at  sun-set,  and  the  latter  at  sun- 
rise ;  it  being  6  o'clock  in  the  evening  with  the  one,  and  6  in  the 
momii^  with  the  other. 

At  fall  moon,  the  part  which  was  towards  the  sun  at  change, 
and,  consequently,  had  noon-day,  wil).  be  at  midnight ;  ^and  that 
which  has  midnight  at  x^hange  will  have  noon-day,  being  both 
towards  the  earth  and  sun. 

At  the  third  quarter,  the  side  towards  the  earth  will  have  sun- 
set, or  6  o'clock  in  the  evening ;  and  the  opposite  sun-rise  or 
6  o'clock  in  the  morning :  and  when  the  moon  arrives  at  change, 
the  jdaj  will  be  completed. 

4.  THE  EARTH  AS  VI&WED  FROM  THE  MOON. 

Thb  earth  is  to  the  moon,  with  respect  to  light,  what  the 
moon  ia  to  the  earth ;  hut  it  will  be  seen  that  only  one  half  of 
the  dmoon  receives  benefit  from  the  earth's  reflected  light. 

Presenting  the  same  side  continually  towards  the  earth,  half 
of  the  lunar  inhabitants,  (as  probably  the  moon  is  inhabited), 
will  never  see  the  earth ;  but  will  be  near  a  fortnight  in  total 
diMrknesa,  having  light  neither  from  sun  nor  moon.  Should  a 
Lunarian,  whose  usual  place  of  residence  is  on  the  farther  side 
of  the  moon,  have  his  cariosity  excited  by  the  marvellous  tales 
of  travellers  from  this  side  .of  .the  lunar  surface,  respecting  jt 
large  body,  more  than  thirteen  times  the  apparent  size  of  the 
sui]^  shining  almost  continually  in  the  midst  of  the  skiea;  before 
hp/^tm  he  ^convinced  of  the  truth  by  oocular  demonstration^  j^. 
will  Jhftve  to  m^e  a  jouraey  towards  this  side.  And,  s^io^  Jh^ 
come  -as  jEur  ffou^d  hu  world  as  to  that  ,^e»  to;firh|ch,t^rW^ 
WQiiderful  luminary  is  vertical,  at  the  time  when  ymehwef;\»w 
mopn^  -he  will  see  it^  afippareu^y,  /Air^f»  tones  ^  luyfo  a$4be 
foil  nipon  af|»e^s  to  ps.  Nqt  ^tw^ys  tQpacMHpiy  keeping  tiie 
Hgm^  side  lofwards  him*  <^  rifig^  ^^itiif^,  «s  the  moon  ^cb 
V>.fui>  bojtjir^sej^tmg  all  its  si4eBin>tkeiOOiu»eiOf^hrs.  60min. 
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28860.  of  oar  time,  and  never  losing  itself  in  obscurity  for  almost 
fourteen  of  our  days ;  and,  even  when  most  obscured,  presenting 
a  luminous  ring  occasioned  by  our  18deg.  of  twilight ;  or  a  beau- 
tiful crescent  on  one  side,  on  account  of  the  angle  made  by  the 
plane  of  the  orbits. 

Nevertheless,  during  the  above  period,  or  in  the  time  of  the 
former  half  of  our  lunations,  this  luminary  will  wane  like  the  full 
moon.  After  about  seven  of  its  revolutions  only  one  half  of  its 
enlightened  disc  will  be  seen ;  and  when  about  14  are  completed 
it  will  be  at  change,-  -exhibiting  only  the  luminous  ring  or 
crescent.  After  which  it  will  appear  homed,  in  some  respects 
not  unlike  the  new  moon,  and  will  wane  for  about  some  fourteen 
revolutions  more,  when  it  will  be  again  circular  and  at  full.  The 
Lunarians'  fiill  moon  is  therefore  our  change ; — and  their  change 
is  our  full. 

6.  BCLIPSES. 

If  the  plane  of  the  earth's  orbit  and  that  of  the  moon  exactly 
coincided,  as  in  Fig.  7,  in  every  lunation  we  should  have  two 
eclipses.  When  the  moon  is  at  change  or  C,  her  shadow  would 
fall  upon  the  earth,  and  hide  the  sun  from  us ;  this  would  be  an 
eclipse  of  the  sun,  or,  more  properly  speaking,  of  the  earth. 
And  when  the  moon  is  on  the  opposite  side  of  the  orbit  at  D  or 
fiill,  the  earth  would  be  in  a  line  between  the  moon  and  the  sun; 
and  the  moon,  having  no  light  but  what  is  borrowed  from  the 
sun,  would  now,  being  immersed  in  the  earth's  shadow,  be  totally 
eclipsed. 

The  young  astronomer  will  readily  perceive  that  every  iolar 
eclipse  must  happen  exactly  at  the  change  of  the  moon ;  and 
every  lunar  eclipse  precisely  at  full  moon ;  and  that  the  solar 
eclipse  must  commence  at  the  western  limb  or  right  side  of  the 
sun,  (d  Fig.  7);  and  the  lunar  at  ^  or  eastern  side  of  the  moon. 

But  as  the  plane  of  the  moon's  orbii  makes  an  angle  of  5deg. 
9min.  with  the  plane  of  the  earth's  orbit,  eclipses  at  every  luna- 
tion cannot  take  place.  Suppose,  for  instance,  that  the  nodes  or 
points  where  the  moon  crosses  the  ecliptic,  be  at  the  quadra- 
tures B  and  A ;  that  at  the  third  quarter  A,  being  the  ascending 
node ;  then,  when  the  moon  arrives  at  the  place  of  change,  she 
will  be  5deg.  9min.  on  this  side  of  the  ecliptic  or  above  the  sun. 
This  angle  will  elevate  the  moon's  shadow  about  20,000  miles 
above  the  plane  of  the  earth's  orbit ;  consequently,  about  16,000 
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miles  aboTe  the  north  pole.  So  also  when  the  moon  comes  to 
the  place  of  fuU,  having  in  the  mean  time  passed  the  descending 
node  at  B,  she  will  he  5deg.  9min.  beyond  the  ecliptic,  or  her 
shadow  will  pass  16,000  miles  below  the  south  pole ;  so  that, 
in  neither  case  can  an  eclipse  occur. 

Notwithstanding  this  angle,  were  the  nodes  at  full  and  change 
we  should  have  eclipses  exactly  the  same  as  if  the  two  planes 
coincided ;  and  were  the  nodes  stationary,  we  should  every 
hmation  have  a  recurrence  of  the  same  eclipses.  But  they  are 
not  stationary. 

It  IB  found  by  observation  that  when  either  of  the  nodes  is 
within  16deg.  of  either  side  of  the  place  of  change,  a  solar 
eclipse  at  that  conjunction  must  take  place.  But  this  limit  of 
the  eclipses  chiefly  refers  to  the  two  luminaries  at  apogee ;  that 
is,  when  the  earth  (July  1st)  is  at  the  aphelion  point  of  its  orbit, 
being  at  the  greatest  distance  from  the  sun ;  and  the  moon  is  at 
that  part  of  the  orbit  at  the  greatest  distance  from  the  earth. 
But  when  the  lines  of  apsides  are  reversed — that  is,  when  the 
earth,  (December  dlst)  is  at  the  perihelion,  and  the  moon*s 
perigee  is  at  the  place  of  change,  an  eclipse  will  take  place  at 
that  conjunction,  though  the  node  is  not  nearer  to  the  conjunc- 
tion than  21deg.  Therefore,  between  15  and  21deg.  there  may 
or  may  not  be  an  eclipse ;  this  space  on  each  side,  is  called  the 
toiarecUptic  limit.  The  mean  distance  of  the  solar  ecliptic  limit, 
on  each  side  of  the  conjunction,  is  fixed  at  17deg.  21min. 

The  least  lunar  ech'ptic  limit  is  at  7deg.  47min.  on  each  side 
of  the  opposition ;  within  which,  the  moon  crossing  the  ecliptic, 
there  must  be  an  eclipse;  but  when  the  lunar  perigee  is  here  there 
may  be  an  eclipse,  though  the  node's  distance  from  the  opposi- 
tion be  13deg.  21  min.    The  mean  distance  is  11  degrees  31min. 

Now  as  the  nodes  have  a  backward  motion  along  the  signs, 
making  a  full  revolution  of  the  ecliptic  in  18yrs.  223  dys.  7hrs. 
13 min.  17isec.  they  will  retrograde  about  19deg.  20  min.  in  a 
year.  Suppose,  then,  the  nodes  at  the  points  e  and  P  Fig.  7, 
just  beyond  the  mean  solar  ecliptic  limit ;  that  at  e,  the  ascend- 
ing node ;  then,  were  the  earth  stationary,  it  is  evident  that  an 
eclipse  could  not  occur  till  the  nodes  had  retrograded  to  a  and 
b :  which  would  require  between  7  and  8  years.  But  as  the 
earth  is  not  stationary,  making  an  entire  revolution  in  its  orbit 
every  year,  at  the  end  of  half  a  year,  the  other  part  of  the  moon's 
orbit  D  will  be  towards  the  sun,  instead  of  C  :-H;onsequentIy 
in  the  intervening  time,  the  node  P  will  have  been  at  the  place 
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of  new  moon;  and  as  the  solar  ecliptic  limit  from  d  to  &  is  S^dfig, 
42min^  the  earth  woold  be  above  35  days  in  passing  it.  Now; 
as  the  moon  makes  a  revolution  in  little  more  than  29)  dajSj  it 
is  evident  that  there  mnst  in  every  year,  be  solar  eclipses*  It 
is  possible,  also,  that  there  may  be  two  solar  eclipses  in  two 
successive  lunations;  but  this  can  very  rarely  occur:  solar 
eclipses  are  generally  at  opposite  seasons  of  the  year.  How- 
ever by  reason  of  the  retrograde  motion  of  the  nodes  the  interval 
between  them  is  between  9  and  10  days  less  than  half^a-jear — 
or  about  173  days. 

The  number  of  eclipses*  annually ,  is  generally  4;  and  as  tbe 
moon  is  as  long  beneath  the  horizon  as  above  it,  ihere  will  \m 
only  two  visible ; — one  of  the  sun  and  another  of  the  moen^ 
But  as  many  as  7  eclipses  may  occur  in  one  year ;  6  beiag  <»f 
the  sun,  and  the  remainiiig  lunar  ones  will  in  this  case  be  totaL 
And  it  is  possible  that  only  2  solar  ones  may  happen.  The 
space  of  the  solar  ecliptic  limit  is  to  that  of  the  lunar  nearly  aa 
3  to  2 ; — and  the  number  of  solar  and  lunar  ecUpses  bear  neari/ 
the  same  proportion  to  each  other ;  but  as  the  lunar  are  visiU0 
in  all  places  where  the  moon  is  above  the  horizan,  and  the  solar 
not  so ;  we,  consequently,  see  more  lunar  than  solar  ecli|^4» 

The  course  of  the  moon's  shadow  over  ttie  earth  jp  a  sdar 
eclipse,  is  from  west  to  east;  but  if  the  m6on  is  at  the  ascending 
node,  it.will  incline  towards  the  north ;  and  if  at  tke  desoending 
node,  the  shadow  will  decline  towards  the  south. 

6.   SOLAR  ECLIPSES. 

TuE  eclipses  of  the  sun  are  total,  annular,  and  partial.  The 
partial  happen  when  one  of  the  nodes  is  within  the  ecliptic  limi^ 
but  not  nearer  the  conjunction  than  8  or  10  degrees ;  for  then, 
they  would  be  either  annular  or  total ;  yet,  all  solar  eclipses  are 
only  partial  to  the  greater  part  of  the  earth.  A  total  eclipse  is 
when  the  whole  of  the  sun's  disc  is  hid  by  the  jnoon  from  a 
certain  portion  of  the  earth's  surface ;  and  ,an  amaular  ene 
depends  upon  the  ibllowiii^  circumstances. 

Aimuiar  £cUpte$. — When  the  earth  is  4it  the  aphdUon  or  .at 
the  greatest  distance  from  the  sun,  tiie  aun  4ip|iyeac]i  Jeas  than 
when  the  toarth  is  at  the  perihelion  or  least  distance.  The  aaina 
is  the  <case  with  the  moon :  she  .appears  less  Jtt  Ike  apogee  Urn. 
at  4he  perigee.  A  line aoross  their  jc^nia^M  oalhMl  Ibeir  iflpa- 
vent  diameter,  ^md  is  :es|imaeled  in  minutes  »nd  ^mfififiAB ;  ^  ja 
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MfliMhBMd  M  «zteiidiBf  over  to  much  of  the  whole  cnromn- 

ference  of  the  sky.    These  apparent  diameters  are  as  foUews : 

Sqd  flt  the  apogee  or  greatest  dislaiice    31  mtn.  45  sec. 

Do.  vtaean  distance*. 3S    -    16    - 

Do.  «t  perigee  or  l^ast distance. 93    -    46    - 

Moms  at  apogee 39    -    22    - 

Do«  at  meaa  distance 31    -    23    • 

Do.atperigee 38    -    24    - 

Now,  should  the  node  he  at  change,  so  that  we  may  eoLpect 
Ihe  mooK  to  pam  over  the  sun's  centre,  while  the  earth  is  at 
perihelion,  and  the  moon  is  at  apogee,  the  apparent  diameter  of 
the  sun  will  exeoed  that  of  the  moon  by  3min.  23sec. ;  therefore 
when  the  moon  is  directly  over  the  sun's  centre,  there  will  be  a 
luminous  ring  all  round.    This  is  called  an  annular  eclipse. 

From  inspecting  the  above  table  of  apparent  diameters,  the 
young  astronomer  will  perceiTC,  that  the  eclipse  will  be  annu- 
lar when  the  luminaries  are  both  at  their  mean  distances.  And 
lnowing  the  position  of  the  lunar  line  of  apsides,  and  the  earth's 
place  in*tiie  orbit,  he  will  readily  determine  whether  an  eclipse 
will  be  annular  or  not. 

Total  isc/iptet.— When  the  earth  and  moon  are  so  situated  in 
tbvir  orbits^  ihat  the  apparent  diameter  of  the  moon  exceeds 
that  of  the  sun,  and  the  node  is  within  8  or  lOdeg.  of  tli^  place 
of  nhaage ; — then  the  eclipse  will  be  ioial. 

1  he  sun  being  in  reality  so  much  larger  than  the  moon,  occft- 
viODS  the  moon's  shadow  to  be  in  the  shape  of  a  cone ;  die  base 
being  at  the  moon  and  the  apex  towards  the  earth.  Now  this 
eoftical  shadow  is  found  to  be,  in  length,  nearly  equal  to  the 
Uteon's  mean  distance  from  the^earth.  Therefore,  when  die  moon 
^  at  more  dian  the  mean  distance  firom  die  earth  no  eclipse  can 
he  total ;  for  if  the  node  be  within  the  limit  of  total  eclipses  it 
wiH  be  annular.  But  when  the  moon  is  at  less  than  the  mean 
distance  from  the  earth,  the  end  of  the  cone  will  paas  over  the 
earth ;  and,  therefore,  wherever  this  shadow  falls  there  will  be  a 
total  eclipse. 

But  %B  the  greatest  apparent  diameter  of  the  moon  is  only 
33mi&.  24sec.;  while  that  of  the  earth,  as  viewed  from  the 
moon,  is  I20min.;  the  attenuated  point  of  the  moon's  conical 
shadow  can  extend  over  a  very  small  portion  of  the  earth's  sur- 
fisce.    Total  eclipses  must,  therefore,  be  very  local.    Fig.  8  will 
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represent  a  total  eclipse,  (tliat  is,  a  solar  eclipse)  as  seen  firom 
the  moon. 

The  black  spot  is  the  conical  shadow ;  and  represents  as  large 
a  total  eclipse  as  can  possibly  happen.  Its  diameter  on  the 
earth's  surface  extends  about  180  miles,  while  the  earth's  disc 
or  surface  extends  a  diameter  of  nearly  8,000.  This  black  spot 
or  umbra,  as  it  is  called, — ^will  be  seen  from  the  moon  passing 
over  the  earth's  disc,  with  a  velocity  nearly  double  that  of  the 
earth's  revolution  on  its  axes,  or  at  Uie  rate  of  about  dOf  miles 
per  minute. 

When  the  node  is  at  the  place  of  the  new  moon,  the  umbra 
will  pass  over  the  earth's  centre ;  should  the  ascending  node  be 
at  about  6  or  six  degrees  before  the  moon  comes  to  the  change 
then  the  umbra  will  pass  over  the  latitude  of  England ;  and  if 
the  luminaries  are  above  the  horizon  we  shall  have  a  total 
eclipse.  Should  the  node  be  about  10  degrees  from  the  place  of 
conjunction,  the  umbra  will  pass  near  the  north  pole. 

In  annular  eclipses  there  can  be  no  black  spot  or  umbra ;  the 
imperfect  shadow  that  surrounds  it,  called  the  penumbra,  will 
be  the  only  one  seen; — and  its  breadth  will  be  equal  to  the 
apparent  diameters  of  the  sun  and  moon,  or,  it  will  extend  a 
diameter  upon  the  earth's  surface  of  about  4,900  miles. 

The  last  total  eclipse  of  the  sun  that  occurred  in  England  was 
in  the  year  1715;  and  it  is  the  only  one  that  has  happened 
for  six  centuries ;  nor  will  there  be  another  for  two  centuries 
to  come. 

Partial  EcUp$e$, — ^Though  total  eclipses  are  so  very  local,  yet 
the  moon  will  hide  a  large  part  of  the  sun  from  the  earth,  for  a 
considerable  distance  on  all  sides  of  the  umbra  or  total  eclipse. 
Near  the  umbra  a  little  of  the  sun's  edge  will  be  seen ;  at  a 
greater  distance  a  little  more ;  till  we  advance  as  far  from  the 
umbra  as  the  sum  of  the  apparent  semidiameters  of  the  sun  and 
moon,  which  at  a  mean  is  about  32  minutes.  Hence,  tiie  par- 
tial eclipse  will  extend  on  all  sides  to  a  distance  of  32  minutes, 
or  to  a  diameter  of  64min.; — which  is  more  than  the  earth's 
semidiameter,  as  seen  from  the  moon,  by  about  900  miles  as 
stated  above.  But  by  reason  of  only  a  small  part  of  the  sun 
being  seen  near  the  umbra,  and  a  like  part  being  only  hid  near 
the  extremity  of  the  penumbra,  this  imperfect  shadow  will  be 
the  densest  towards  the  centre. 

From  inspecting  Fig.  8,  it  will  be  seen  that  part  of  the  penum- 
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bra  may  faU  apon  an  edge  of  the  terrestrial  disc,  when  the  um- 
bra will  be  a  long  way  from  it;  and  therefore  many  partial 
eclipses  may  happen  without  being  any  where  total.  All  the 
eclipses,  that  take  place  when  the  node  is  at  more  than  two- 
thirds  of  the  ecliptic  limit  from  the  conjunction,  will  be  partial, 
and  must  take  place  about  the  polar  regions. 

A  total  eclipse  can  only  continue  at  one  place  about  5min. 
17  sec;  indeed,  the  sun  can  only  be  completely  immersed  in  the 
moon's  shadow  about  4  minutes.  An  annular  eclipse  may  con- 
tinue about  12min.  24sec.  The  whole,  that  is,  including  each 
side  of  the  penumbra,  never  continues  more  than  2  hours.  But 
from  the  time  of  the  penumbra's  first  touching  the  earth,  to  the 
time  of  its  finally  quitting  it  in  a  central  eclipse,  is  about  6i  hrs. 
When  the  eclipse  is  not  central,  the  earth  cuts  the  lunar  shadow 
obliquely,  so  that  the  umbra,  as  shewn  Fig.  8,  will  be  ellipti- 
cal :  hence,  the  duration  of  total  eclipses  will  vary  from  6min. 
17  sec.  to  7  min.  68  sec. 

7.   LUNAR  ECUPSES. 

The  eclipses  of  the  moon  are  total  and  partial ;  and  they  take 
place  at  the  full  moon,  when  the  node  is  either  at,  or  within  the 
mean  ecliptic  limit,  that  is,  within  lldeg.  34min.  of  the  oppo- 
sition. 

The  earth's  shadow  like  that  of  the  moon  is  conical;  and  is 
calculated  to  extend  about  800,000  miles ;  so  that,  it  must  be 
diminished  about  a  quarter  where  the  moon  passes  through  it 
in  an  eclipse.  In  Fig.  9  are  represented  sections  of  the  earth's 
umbra  and  penumbra  with  the  moon  passing  through  them. 
Q  R  is  a  part  of  the  ecliptic;  and  O  P  a  part  of  the  moon's  orbit, 
making  an  angle  with  the  ecliptic  of  5deg.  9 min.  N  is  the 
descending  node ;  so  that  the  figure  may  be  said  to  represent 
seyeo  lunar  eclipses  ; — one  central,  two  total,  and  four  partial. 

The  breadth  of  the  penumbra  is  equal  to  the  sun's  apparent 
diameter ;  and,  as  this  is  nearly  equal  to  that  of  the  moon,  the 
whole  of  the  moon's  disc  may  be  immersed  in  the  penumbra, 
before  any  of  it  enters  the  umbra.  The  moon  during  an  eclipse 
is  not  inyisible  as  at  change ;  but  assumes  a  copper  coloured 
appearance,  occasioned  by  our  18deg.  of  twilight,  wherein  the 
sun's  rays  are  refracted  by  the  earth's  atmosphere  into  the  um^ 
bra,  and  produce  this  efiect.     During  a  lunar  eclipse  the.Luna- 
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ritBs  will  have  the  itame  phenomena  that  we  have  in  a  solar 
eelipae ;  for  to  them  it  is  a  solar  eelipse. 

liie  duration  of  a  central  eelipse  raries  from  3hrs.  37min. 
26sec.  to  Shrs.  67min.  268ec.:  the  moon's  motion  being  the 
slowest  when  she  is  at  the  greatest  distance  from  the  earth.  Bat 
her  whole  disc  cannot  be  totally  hid  in  the  umbra  more  than 
l}hrs.; — and  the  time  from  the  moon's  first  touching  the  pen- 
umbra  to  her  finally  qtiitUng  it  never  exceeds  5ihrs. 

The  discs  of  the  sun  and  moon  are  supposed  to  be  divided 
into  digits  or  twelve  parts ;  so  that,  in  speiddng  of  eclipses,  it 
is  usual  to  say,  so  many  digits  of  the  luminary's  disc  are 
eclipsed.  But  though  the  lunar  disc  only  contains  12  digits,  yet 
the  moon  in  a  total  eclipse  may  be  23  digits  eclipsed^ 

In  Fig.  9.  A  B  C  N  D  £  F,  are  so  many  sections  of  the  earth's 
umbra,  with  the  moon  touching  some  and  passing  through  others, 
representing  so  many  partial  and  total  eclipses.  When  the 
opposition  is  at  A,  the  moo(i  G  only  just  touches  the  earth's 
umbra,  without  being  eclipsed.  At  H  six  digits  are  eclipsed. 
At  I  twelve  digits ;  at  U  eighteen  digits,  the  moon  being  a  semi- 
diameter  below  the  nearest  edge  of  the  umbra.  At  N  she  is 
centrally  eclipsed,  -which  cannot  exceed  23  digits*  The  same 
may  be  observed  when  the  opposition  is  at  the  sections  T  K 
LM. 

From  what  has  been  said  of  the  conical  shape  of  the  shadow 
of  the  earth  and  moon,  it  will  appear,  that  if  the  moon  were  at 
a  greater  distance  from  the  earth,  we  should  have  no  eclipses. 
Hence  it  is,  that  the  inferior  planets  pass  over  the  sun's  disc 
unperceived  by  the  naked  eye.  And  the  primary  planets,  for 
the  same  reason,  never  eclipse  each  other : — the  earth's  shadow 
does  not  reach  Mars  by  50  millions  of  miles.  This  proves  how 
much  larger  the  sun  is  than  any  of  the  planets.  For  if  he  were 
less,  the  conical  shape  of  their  shadows  would  be  reversed;  and 
if  he  were  in  magnitude  no  more  than  equal  to  them,  the  shadow 
would  be  cylindrical.  It  should  be  also  observed  that  while  the 
umbra  converges  to  a  point,  the  penumbra  diverges  till  its  ob- 
scurity vanishes. 

A  Table  shewing  the  longitude  of  the  moon's  ascending  node 
for  the  beginning  of  each  year  for  20  years  to  come,  reckoning 
r  long  the  signs  from  the  first  point  of  Aries. 
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Year. 

S.  deg.  mln. 

Year. 

8.  deg.  mln. 

Year. 

S.  deg.  mln. 

1824 

9  19  0 

1831 

5   3  40 

1838 

0  18  14 

1823 

8  29  40 

1832 

4  14  7 

1839 

11  23  55 

1826 

8  10  20 

1833 

3  24  57 

1840 

11   9  33 

1827 

7  21  0 

1834 

3   5  37 

1841 

10  20  12 

1828 

7   1  38 

1835 

2  16  17 

1842 

10   0  52 

1829 

6  12  18 

1836 

1  26  54 

1843 

9  11  32 

1880 

6  22  58 

1837 

1   7  34 

1844 

8  22  10 

As  the  nodes  are  directly  opposite  each  other  or  six  signs 
apart,  and  as  they  retrograde  annually  1 9  deg.  20min.  their 
places  on  any  particular  day  of  the  year  may  be  easily  found ; 
and  knowing  the  sun's  place  in  the  ecliptic,  which  may  be  easily 
found  from  the  following  statement,  we  may  at  any  time  ascer- 
tain whether  either  of  the  nodes  are  within  the  ecliptic  limits ; 
and,  consequently,  whether  an  eclipse  will  take  place  at  any 
particular  conjunction  or  opposition.  The  sun  enters  the  dif- 
ferent signs  as  follows : — <£^  about  January  20th.  X  February 
18th.  <vi  March  20th.  b  April  20th.  n  May  2l8t  S2  June 
21st.  SI  July  23rd.  tit  August  23rd.  dC^  September  23rd. 
lip  October  23rd.  /  November  22nd.  Ijf  December  21st. 
Mean  place  of  perigee  at  the  beginning  of  1824,  4  signs  1  deg. 
47min.  34 sec. 

The  following  circumstances  belong  to  the  calculation  of  a 
lunar  eclipse,  (a  solar  eclipse  is  much  more  diflScult).  The  true 
time  of  full  moon ;  the  moon's  horizontal  parallax ;  the  sun  and 
moon's  apparent  semidiameters ;  the  semidiameter  of  the 
earth's  shadow  at  the  moon ;  the  moon's  latitude ;  the  angle  of 
the  moon's  visible  path  with  the  ecliptic;  the  moon's  true 
hourly  motion  from  the  sun. 

8.   HARVEST  MOON. 

As  the  moon  revolves  round  the  earth  in  an  orbit  that  some- 
times makes  an  angle  with  the  plane  of  the  earths  orbit  of  5  deg. 
18min.  or  with  the  plane  of  the  earth's  equator  of  28deg.  45min. 
her  regular  time  of  rising  will  be  thereby  considerably  affected. 

The  moon  completes  a  revolution  round  the  earth  in  rather 
more  than  29i  days ;  and  proceeds  at  the  daily  mean  rate  of 
IBdeg.  lOmin.  35 sec;  and  as  15  deg.  are  equal  to  an  hour,  she 
would  on  this  account,  if  she  moved  in  the  plane  of  the  equator, 
be  about  60min.  later  of  rising  each  succeeding  time.    But  as 
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tbe  moon  is  only  sometimes  upon  the  equator^  sometimes  28deg. 
45min.  south  of  it,  and  at  other  times  the  same  distance  to  the 
north  of  it,  her  time  of  rising  will  considerably  vary  from  this 
tme  time  of  50min. 

This  case  is  similar  to  that  first  stated  under  "  Equation  of 
Time/'  Chap.  II.  s.  11.  so  that,  the  moon  rises  most  regularly 
when  near  the  equator  and  at  the  tropics,  but  especially  at  the 
latter.  When  her  northern  declination  is  the  greatest,  and  she 
is  passing  the  signs  Leo  and  Virgo — she  will  for  6  days  toge- 
ther, in  that  part  of  the  ecliptic,  daily  exceed  her  true  time  by 
29min.;  and  when  she  has  passed  the  equator  at  Aries  and  is 
proceeding  northward,  the.  whole  time  of  variation  for  6  days 
together  may  not  be  much  above  two  hours; — whereas  her 
true  time  would  be  5hrs.  12min.  48  sec. 

All  this  takes  place  in  every  lunation ;  but  it  so  happens, 
that  the  moon's  rising  in  the  last  mentioned  circumstance  only 
attracts  particular  attention  when  at  fuU.  For  in  winter 
when  the  moon  passes  Aries  she  is  about  the  first  quarter  and 
rises  at  noon ;  when  at  the  same  sign  in  spring,  she  is  at  change 
and  not  seen ;  and  in  summer,  at  her  last  quarter  and  rises  at 
midnight;  but  in. autumn,  being  at  full,  she  rises  at  sun  set. 
Now  this  can  only  take  place  when  the  sun  enters  Libra  at  the 
autumnal  equinox,  for  we  never  have  full  moon  but  when  the 
sun  and  moon  are  in  directly  opposite  signs ;  and  as  it  is  gene- 
rally the  time  of  harvest,  so  this  lunation  is  by  way  of  preemi- 
nence stiled  the  7%e  Harvest  Moan.  As  superstition  has  it, 
''The  moon  kindly  hastens  the  time  of  her  rising  for  the  conve- 
nience of  the  husbandman." 

However  the  harvest  moon  greatly  depends  upon  the  situation 
of  the  lunar  nodes  ;  in  order  that  she  may  in  this  lunation  have 
the  greatest  northern  declination.  And  to  produce  this  effect, 
the  ascending  node  must  be  at  or  near  the  first  point  of  Aries ; 
should  the  descending  node  be  in  this  situation,  the  moon,  in 
this  lunation,  when  she  has  passed  the  first  three  northern  signs 
will  be  only  18deg.  9min.  north  of  the  equator,  instead  of  28deg. 
45min.;  consequently,  in  these  six  days  mentioned  above,  when 
her  time  of  rising  varied  only  about  two  hours,  it  will  vary 
above  three  hours ;  and  her  light  will  be  therefore  of  less  impor- 
tance to  the  husbandman. 

In  the  years  1820  and  1821  the  harvest  moon  was  the  most 
beneficial,  the  ascending  node  being  then  near  the  first  point  of 
Aries.     By  inspecting  the  table  of  nodes  given  in  the  last  sec^ 


Digitized  by  VjOOQIC 


ASTRONOMY.  63 

tioii»  it  will  be  seen  that  the  descending  node  will  enter  Aries  in 
1830 ;  therefore,  in  that  year  the  harvest  moon  will  be  the  least 
beneficial :  her  importance  varying,  through  all  the  intervening 
years,  with  the  retrograde  motion  of  the  nodes  that  make  a  revo- 
lution in  about  19  years. 

As  the  moon  comes,  at  a  mean,  50  min  28  sec.  later  every  day 
Co  the  meridian ,  if  we  multiply  this  by  the  days  of  her  age,  we 
•liall  have  nearly  the  number  of  minutes  P.  M.  when  she  comes 
to  the  meridian  on  any  particular  day ; — which  is  called  her 
samtkimg. 

9.  TlDKS. 

Tides  are  the  well  known  periodical  flux  and  reflux  of  the 
sea;  and  are  caused  by  the  attraction  of  the  sun  and  moon. 
Km  the  attraction  of  the  moon  is  to  that  of  the  sun  as  4i  to  1 ; 
and  therefore  the  tides,  in  common  language,  are  said  to  depend 
upon  the  moon. 

As  the  moon  comes  to  the  meridian  on  each  day  later  by  60m. 
28  sec  this  elevation  of  the  waters  will  pass  all  round  the  earth 
in  the  space  of  24hrs.  60 min.  28 sec.  and  as  the  moon*s  attrac- 
tion only  extends  over  half  the  earth's  surface,  or  as  far  as  there 
16  moonlight ;  consequently,  as  the  moon  passes  forward,  and 
ceases  to  attract  the  waters,  they  will  rush  back  again,  and  be 
collected  into  k  heap  in  the  centre  of  the  opposite  hemisphere ; 
making  thereat  another  tide ;  which  for  the  sake  of  distinction 
we  BhM  cM  the  tide  of  reaction. 

The  principle  force  of  the  moon's  attraction  is  in  the  line  of 
direction,  that  is,  th^  line  M  B  Fig.  10.  joining  the  centres  of  the 
•on  and  moon.  The  highest  point  of  the  tides  will  therefore 
jdways  be  (or  rather  should  be  according  to  the  present  mode 
of  explaining  the  phenomena  of  tides)  in  the  plane  of  the  moon's 
orbit;  and  though  the  tide  of  attraction  e  is  somewhat  greater 
than  the  tide  of  reaction  Be/;  yet,  when  the  moon  is  in  the 
southern  signs  or  at  A,  we,  who  live  in  the  northern  hemisphere, 
will  have  the  tide  of  reaction  greater  than  the  tide  of  attraction ; 
and  the  reverse  when  the  moon  is  in  the  northern  signs.  This 
will  appear  more  plainly  from  iospecting  Fig.  10,  where  C  D 
represents  the  line  of  tides  that  sweep  England. 

The  same  takes  place  in  the  tides  caused  by  the  sun.  And 
when  the  moon  is  at  full  and  change,  the  powers  of  their  attrac- 
tion, or  the  reaction  of  the  waters  are  united,  and  produce  a 
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large  tide  called  the  spring  tide.  The  san  is  calculated  to  raise 
the  waters  ahoat  2  feet  and  the  moon  about  9  feet ;  and  there- 
fore a  spring  tide  will  have  an  elevation  of  11  feet. 

But  at  the  first  and  third  quarters  while  the  moon  is  on  the 
meridian  the  sun  is  at  the  horizon,  that  is,  rising  or  setting,  and 
and  in  this  case  their  powers  are  separated,  pulling  in  a  direc- 
tion at  right  angles  to  each  other ;  and  though  in  this  case  we 
have  no  observable  tide  caused  by  the  sun ;  yet  the  sun  dimi* 
nishes  that  caused  by  the  moon,  so  that  we  have  a  tide  of  only 
7  feet  elevation,  called  the  neap  or  low  tide. 

Now  as  the  orbits  both  of  the  earth  and  moon  are  elliptical ; 
and  the  reason  that  the  moon  attracts  the  waters  more  than  the 
sun,  is  owing  to  her  greater  proximity  to  the  earth;  consequently, 
they  will  both  have  more  power  when  at  the  perigee,  or  in  that 
part  of  the  orbits  nearest  the  earth,  than  when  in  any  other 
part.  It  was  caictilated  by  Newton,  that  if  the  moon  were  at 
half  the  present  distance  from  the  earth,  the  tides  would  be  eight 
times  greater  than  we  now  have  them.  Hence  we  have  the 
greatest  spring  tides  when  the  moon,  at  foil  or  change,  is  in  the 
perigee;  and  the  least  when  in  the  apogee.  Now  as  there  is 
but  a  fortnight  between  these  two  points,  there,  consequently, 
cannot  follow  two  large  spring  tides,  one  at  the  full  and  the  other 
at  the  change  of  the  same  lunation.  But  on  the  contrary,  it  is 
evident,  that  when  the  spring  tides  at  change  are  the  largest, 
the  moon  being  at  the  perigee,  those  at  full  must  be  the  least : 
occurring  a  fortnight  after  when  the  moou  is  in  the  apogee. 

But  the  highest  tides  of  all  are  at  the  equinoxes ;  for  then 
the  sun  is  nearer  to  the  earth  than  in  summer ;  and  the  two 
powers  are  more  closely  united,  acting  in  the  same  direct  line. 
However  the  spring  tides  vary  every  year  by  reason  of  the 
progressive  motion  of  the  moon's  line  of  apsides.  Should  the 
moon  therefore  at  full  or  change  be  in  the  perigee,  near  the 
equinoxes,  there  will  be  a  large  spring  tide,  such  a  one  as 
cannot  again  occur  till  the  apsides  have  made  either  a  half  or  a , 
full  revolution,  which  must  be  between  4  and  6,  or  8  and  9  yrs. 

The  above  are  the  general  laws  of  the  tides ;  but  there  are 
many  impediments  to  their  regular  course.  For,  though  the 
greatest  influence  of  the  moon's  attraction  is  in  the  line  of  direc- 
tion M  B  Fig.  10 ;  yet,  the  largest  swell  will  not  be  at  that  place 
till  two  or  three  hours  after  the  moon  has  passed  its  meridian. 
The  momentum  is  indeed  given  along  this  line ;  nevertheless  it 
must  be  some  time  before  the  waters  are  collected  into  a  hei^p* 
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This  is  easily  exemplified  by  drawing  a  wooden  bowl  qnickly 
across  the  surface  of  a  vessel  of  water ;  when  the  sweU  will  be 
seen,  not  to  accompany  the  bowl,  bat- to  follow  at  some  distance. 
For  the  same  reason,  the  highest  spring  tides  are  not  on  the  day 
of  fall  or  change,  but  aboat  two  or  three  days  after.  Hence,  it 
is  efident,  that  if  the  attraction  of  the  sun  and  moon  were  to 
cease,  the  tides  wonld  continue  for  some  time  to  ebb  and  flow, 
as  the  waves  pat  in  motion  by  a  storm  continue  to  roU  long 
after  the  wind  has  ceased. 

Neither  are  the  first  flowings  or  the  last  ebbings  of  the  tides 
after  equal  intervals  of  time  at  the  same  place.  For  as  the  sun 
causes  a  tide  of  two  feet,  this  will  raise  the  waters  a  certain 
height,  though  the  moon  be  at  the  horizon,  (for  instance  in  the 
first  quarter;)  and  though  this  does  not,  by  reason  of  the  moon's 
tide  so  quickly  following,  appear  to  be  a  different  tide ;  yet  it 
wifl  make  the  tide  on  that  day  rise  earlier  than  might  otherwise 
be  expected.  But  when  the  moon  is  at  the  third  quarter, 
instead  of  the  solar  tide  accelerating  the  flow  of  the  lunar,  it 
will  retard  its  ebb ;  and  consequently  the  time  of  low  water  will 
be  later  at  that  place. 

Were  the  earth's  surface  covered  regularly  all  over  with  water 
the  swell  would  be  regular,  as  it  appears  in  Fig.  10,  on  each 
tide  of  the  earth ;  and  as  the  tides  both  of  attraction  and  reac- 
tion move  round  the  earth  in  24hrs.  dOmin.  28sec.  there  would, 
perhaps,  be  little  or  no  change  of  elevation  at  the  points/ and  g; 
and  not  much  at  the  poles.  But  as  only  about  two-thirds  of 
th^  earth's  surface  are  covered  with  water,  and  these  are  inter- 
sected by  continents,  and  interspersed  with  islands,  the  tides  are 
very  much  diverted  from  their  regular  course. 

The  waters  in  the  Baltic,  Mediterranean,  and  other  inland 
seas  are  so  confined  from  north  to  south,  and  in  other  directions, 
that  the  tides  are  very  inconsiderable.  But  In  the  Atlantic, 
irhere  the  attractions  of  the  sun  and  moon  have  a  long  sweep, 
and  the  waters  are  unconfined  towards  the  poles,  there  is  a  very 
large  swell  on  the  eastern  coasts  of  America ;  and,  of  course, 
a  great  depression  on  the  western  coasts  of  Europe  and  Africa, 
with  a  corresponding  fall  on  the  former  coasts,  and  rise  on  the 
latter,  caused  by  the  reaction.  But  as  the  vast  Pacific  ocean  is 
still  larger  than  the  Atlantic,  the  tides  are  higher  round  that 
immense  ocean. 

Hence,  it  is  evident,  that  tides  must  vary  very  much  in  difi*e- 
rent  places;  and  that  from  the  general  principles  of  their  cause, 
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no  regular  rule  can  be  given  for  their  passage  through  straits 
and  channels^  along  winding  shores  and  up  narrow  riyers. 
Experience  and  long  observation  are,  therefore,  the  only  safe 
guides ;  and  accordingly,  from  observations,  made  in  sJl  the 
principal  ports  in  the  world,  tide  tables  have  been  constructed, 
shewing  the  time  of  high  water  at  each  particular  place,  in 
every  day  of  the  moon's  age. 

In  the  open  sea  the  tide  is  seldom  elevated  above  a  few  feet, 
though  it  is  sometimes  powerfally  increased  by  the  wind,  espe- 
cially the  equinoctial  gales.  But  by  reason  of  its  momentum, 
it  rises  much  higher  against  shores,  and  in  straits  and  rivers. 
At  London  the  spring  tides  rise  19  feet;  at  Brest  20  feet,  at 
Bristol  30,  at  Chepstow  40,  at  St  Maloes  60,  and  at  Annapolis 
Royal  in  the  Bay  of  Fundy  sometimes  100  feet.  Among  the 
Orkneys  the  sea  in  a  storm  will  occasionally  rise  2(10  feet  per- 
pendicularly. In  the  centres  of  the  Atlantic  and  Pacific  oceans, 
the  tide  is  said  not  to  rise  above  two  or  three  feet :  hence,  we 
must  conclude  that  the  great  elevation  it  attains  against  the 
shores  of  continents  is  occasioned  by  its  momentum.  On  all 
these  occasions,  where  it  rises  to  the  greatest  height,  we  find 
the  wave  entering  the  wider  end  of  a  channel,  that  lies  in  the 
line  of  the  tide's  direction  ;  and  by  the  channel  regularly  con- 
tracting its  sides,  the  wave  is  wedged  in,  and  the  water  is  thus 
pressed  to  a  greater  elevation.  On  the  contrary,  when  the 
mouth  or  trunk  of  the  channel  is  at  right  angles  with  the  course 
of  the  tide,  or  the  wave  enters  the  narrow  end,  then,  the  eleva- 
tion of  the  water  is  very  inconsiderable.     See  Chap.  Y .  a.  5. 
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CHAP.  IV. 


The  Heavenly  Bodies  Described. 


L  Tbb  Sur.    2.  ACbrcurt.    3.  ViNut.    4.  Tw  Moon.    S.  BUim.    6.  Tu 

AfnuuMos      7.  JvpiTBB.     8.  Sathbh.     9.  Uranus.     10.  Planbtary 

^  Motion.    1 1.  How  the  Distancbs  of  tvb  Sun  and  Planets  ravb  bbbn 

'^Detbrmineo.     12.  The  Fixed  Stabs,     13.  Sib  William  Hbbschbl'^ 

Dcscription  of  the  Univbrse, 


b 


1.   TBBSVN. 


Thb  sun  was  supposed  by  Sir  Itaao  Newton  to  be  4  s(^A 
^obe  of  Bre,  so  hot  as  to  afFord»  at  the  distance  of;  9&  ttiHionB 
of  miles,  the  light  and  heat  we  daily  experienoe  from  his  beaais* 
Bat  as  that  great  philosopher  was  enabled  to  make  }iis  wonder* 
fol  r^f?coreries,  from  the  information  which  a  small  telescope 
aflbrded  him,  subjecting  his  own  obserrations  and  those  of  all 
wbo  had  gone  before  him  to  the  unerring  laws  of  mathematical 
demonstration;  so  sncceeding  philosophers,  having  glasses  much 
exceeding  his  in  magnifying  power,  together  with  his  discoyeries 
to  begin  upon,  and  his  mles  of  demonstration  to  direct  them, 
bare,  conaeqnently,  since  his  time,  much  extended  the  science 
of  aatronomy ;  uid  haye  obtained  such  results,  with  respect  to 
the  nature  of  the  sun,  as  warrant  their  widely  differing  fron^  him 
m  opinion.  The  theory  now  supported,  and  which  seems  to  be 
weU  established  by  the  discoyeries  of  the  late  Sir  William 
Hersebel,  is,  that  the  sun  is  a  solid  opaque  globe,  adapted  to 
aahnal  Ufe,  \nX  s«rrounded  with  a  yery  extensiye  and  luminous 
atmosphere.     See  Chap.  XIV.  s.  4. 
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The  gun  when  viewed  through  a  telescope  seems,  at  times, 
far  from  uniformly  luminous ;  having  sometimes  black  spots  on 
his  surface.  They  first  appear  on  the  eastern  limb,  and  cross 
over  the  disc  to  the  western  limb.  At  the  end  of  about  131  days 
from  their  first  appearance  they  vanish ;  and  are  invisible  for 
about  13i  days  more ;  when,  if  they  are  not  in  the  mean  time 
dissolved,  they  re-appear  on  the  east.  From  this  circumstance 
it  has  been  discovered,  that  the  sun  has  a  rotary  motion  on  his 
own  axis ;  and  that  he  performs  a  revolution  in  the  space  of 
26dys.  lOhrs. 

The  spots  do  not  seem  to  pass  over  the  disc  in  a  uniform  and 
parallel  direction.  Their  motion  is  generally  from  east  to  west. 
At  opposite  seasons,  namely,  at  the  beginning  of  June  and  De- 
cember, they  a'-e  rectilineal;  and  cut  the  ecliptic  nearly  at  an 
angle  of  7deg.  30min.  Between  June  and  December  they  form 
a  convex  upward  curve :  the  greatest  curvature  being  in  Sep- 
tember. In  the  opposite  six  months  they  form,  by  the  same 
series  of  changes,  a  concave  curve  downwards.  From  these 
circumstances  it  has  been  deduced,  that  the  sun's  axis  is  in- 
clined 7deg.  30min.  from  perpendicularity  with  the  plane  of  the 
ecliptic  or  earth's  orbit :  his  north  pole  pointing  in  the  direction 
of  half  way  between  the  constellation  Lyra  and  the  polar  star. 

Previously  to  the  days  of  Herschel,  these  black  spots  amused 
and  perplexed  philosophers  very  much.  His  opinion  was,  that 
the  solar  sphere  has  mountains  on  its  surface  not  less  than  300 
miles  high ;  and  that  on  their  top,  the  atmosphere,  being  by 
some  means  disturbed,  becomes  so  thin  as  to  permit  us  to  have 
a  glimpse  of  the  sun's  opaque  body. 

It  is  observed  of  these  spots,  that  after  they  disappear  the 
places  where  they  were  become  brighter  than  the  rest  of  the 
solar  disc ;  that  the  longer  they  are  in  forming,  the  slower  they 
are  in  dissolving;  and  that  their  sudden  appearance  is  succeeded 
by  an  equally  sudden  disappearance.  Two  spots  will  some- 
times unite ;  and  at  other  times  one  will  divide  into  two,  which 
will  recede  from  each  other  with,  considerable  velocity.  Their 
sizes  are  various.  Some  are  imperceptibly  small ;  and  others 
as  large  as  the  whole  continent  of  Europe,  Asia  and  Africa. 
In  the  year  1779  there  was  one  visible  to  the  naked  eye,  of  not 
less  than  50,000  miles  diameter.  None  of  them  ever  continued 
longer  than  70  days;  while  some  form  and  dissolve  in  a  few 
hoars.  The  sun  is  sometimes  free  from  them,  but  was  never 
known  to  be  so  for  a  whole  year  together. 
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A  little  after  sun-set  in  the  month  of  March,  and  a  little  be- 
fore son-rise  in  the  month  of  September,  at  which  seasons  the 
earth  cuts  the  plane  of  the  sun's  equator,  a  very  remarkable 
phenomenon  is  seen,  called  the  Zodiacal  Light.  It  is  supposed 
to  be  part  of  the  sun's  luminous  atmosphere,  flying  off  in  the 
plane  of  his  equator,  by  reason  of  his  great  velocity  or  centri- 
fugal force.  It  has  a  pyramidal  form  with  the  sun  for  its  basis; 
and  a  luminous  appearance  resembling  the  aurora  borealis.  It  is 
much  brighter  and  more  extensive  in  some  years  than  in  others : 
extending  an  angle  from  the  sun  that  varies  from  45deg.  to  100 
or  120deg.  Its  plane  cuts  the  ecliptic  at  18deg.  Gemini.  The 
most  favourable  time  for  viewing  it,  is,  at  the  termination  of 
twilight  in  a  clear  evening  in  the  earlier  part  of  March,  when  its 
axis  points  in  the  direction  of  the  star  Aldebaran. 

The  comparative  light  of  the  sun,  according  to  Eular,  is  equal 
to  0,500  candles  at  tbe  distance  of  a  foot ;  that  of  the  moon  equal 
only  to  one  at  71  feet  distance ;  that  of  Venus  to  a  candle  at  421 
feet;  and  that  of  Jupiter  to  one  at  1,320 : — consequently,  was  the 
sun  at  131,000  times  his  present  distance,  his  light  would  only 
be  equal  to  that  of  Jupiter. 

The  sun  is  an  oblate  spheroid,  or  a  little  flatted  at  the  poles ; 
his  equatorial  diameter  is  above  100  times  that  of  the  earth,  or 
883,246  miles ;  and  therefore  the  sun  is  in  magnitude  1,384,472 
times  larger  than  the  earth ;  but  his  density  is  only  one  fourth 
of  tbe  earth's  density,  so  that,  the  weight  of  the  sun  is  only  equal 
to  about  337,086  times  the  earth's  weight,  or  530  times  the 
weight  of  all  the  planets  of  the  solar  system  put  together.  A 
body  at  the  surface  of  the  sun  would  weigh  above  27  times  as 
much  as  it  weighs  on  the  earth  ;  or  1  lb.  at  the  earth's  surface 
would  at  the  sun  weigh  27 lb.  14oz.  15dr8.  A  body  falls  to  the 
earth  with  a  velocity  of  16ft.  2 in.  in  a  second  of  time;  but  in 
the  same  space  of  time  it  would  move  at  the  solar  surface, 
through  a  distance  of  331ft.  8  in. 

The  similarity  of  the  sun  to  the  other  globes  that  compose  the 
solar  system,  namely,  its  being  diversified  with  hills  and  dales ; 
and  its  rotation  on  its  own  axis,  renders  it  more  than  probable 
that  its  surface  is  inhabited.  The  supposition  of  the  solar  plains 
being  too  hot  for  the  accommodation  of  such  living  creatures  as 
we  are  acquainted  with,  does  not  rest  upon  a  solid  foundation. 
There  are  many  arguments  to  prove  that  the  sun's  rays  only 
produce  heat  when  they  act  upon  a  proper  medium;  therefore, 
Uie  sun's  surface  may  be  as  cool  as  the  earth's.     But  should  it 
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be  as  hot  as  we  maj  suppose  firom  our  own  experienee  of  the 
effects  of  Ae  heat  at  this  distance ;  yet  there  may  be  beings 
whose  organs  are  adapted  to  their  condition.  HowcTer,  for  the 
present,  we  leave  every  ono  Uie  liberty  of  making  the  sun  the 
habitation  of  whatever  kind  of  ^etii^f  his  imagination  is  able  to 
produce. 

2.    MERCURY. 

Mercury  is  m  small  star  of  a  very  bright,  white  appearance. 
When  viewed  through  a  telescope  it  appears  with  nearly  the 
same  phases  as  the  moon,  according  to  its  position  with  respect 
to  the  sun  and  the  earth :  yet,  it  is  never  seen  entirely  round, 
since  the  whole  of  its  bright  side  is  never  towards  us,  except 
when  in  opposition,  at  which  time  it  is  invisible  on  account  of 
the  solar  rays. 

This  planet  never  appears  with  jagged  edges,  or  wiUi  dark 
spots  on  its  disc;  hence,  it  is  concluded  to  have  no  mountains 
of  any  considerable  size;  and  on  this  account  its  diurnal  motion 
has  not  been  discovered,  though  by  some  it  is  stated  to  revolve 
on  its  axis  in  24hr8.  6min.  28  sec.  The  inclination  of  its  axis  to 
the  plane  of  its  orbit  is  not  known,  and  consequently  we  know 
nothing  of  its  seasons. 

Calculating  on  the  principle  of  the  sun  being  a  solid  f^obe  of 
fire,  this  planet's  light  and  heat  would  be  7  times  that  expe- 
rienced on  the  earth ;  which  in  summer  is  tke  temperature  of 
boiling  water;  so  that,  with  a  like  heat,  our  water  would  be  all 
carried  off*  in  vapour. 

Mercury  is  more  rapid  in  its  motions  than  any  of  the  planets : 
its  mean  progress  being  double  that  of  the  earth,  or  about 
109,442  miles  per  hour.  Its  distance  from  the  sun  is  compara- 
tively so  small,  that,  were  it  not  for  the  plane  of  its  orbit  making 
an  angle  with  the  plane  of  the  earth*s  orbit  double  that  of  any 
other  planet,  we  should  often  have  it  passing  over  the  solar  disc. 
Mercury  is  never  above  Uie  horizon  more  than  lihrs.  before  or 
alter  the  sun;  and,  deducting  for  twilight,  it  cannot  be  seen 
abeve  half  an  hour  at  once ;  also,  on  account  of  its  velocity,  it 
does  not  continue  above  a  fortnight  in  this  position.  The  best 
time  tor  seeing  it,  in  the  evening  is  in  the  spring ;  and,  in  the 
nKNming,  in  the  latter  end  of  summer  or  beginning  of  autumn. 

This  planef  s  diameter  is  3180  miles,  so  that,  it  is  in  sine 
equal  to  only  a  fifteenth  part  of  the  earth ;  but  its  density 


Digitized  by  VjOOQIC 


DESCRIBED.  91 

being  doaUe  the  earth's  dessitj,  their  comparatiTe  wei^ts 
are  at  71  to  1. 

3.  VBMU8. 

This  planet  is  the  most  beautiful  <rf  all  the  stars;  and  when 
at  her  greatest  elongation  is  about  a  quarter  of  the  width  of  the 
sky  east  of  the  sun,  if  an  evening  star ;  and  the  same  distance 
west  of  the  sun,  if  a  morning  star.  Venus  performs  one  of  these 
apparent  rerolntions  in  684  days ;  so  that,  the  distance  of  time 
between  the  two  extremes  of  her  being  a  morning  and  evening 
star  is  292  days. 

Venus,  when  viewed  through  a  telescope,  exhibits  all  the 
phases  of  the  moon.  When  at  her  superior  conjunction  she 
shines  with  a  full  face ;  but  on  account  of  her  being  at  six  times 
the  distance  of  the  inferior  conjunction,  she  does  not  appear  so 
large  in  the  former  as  in  the  latter  position.  When  at  about 
two-thirds  the  distance  between  the  inferior  conjunction  and 
quadrature,  Venus  appears,  though  little  more  than  a  quarter  of 
her  enlightened  disc  is  seen,  32  times  larger  than  when  seen  in 
some  other  parts  of  her  orbit ;  and  is  sometimes  distinguish- 
ahle  by  the  naked  eye  in  broad  day-light.  A  like  apparent 
increase  may  be  observed  in  9ome  of  the  other  planets,  espe* 
eially  Mars  and  Jupiter. 

Venus  is  surrounded  by  a  very  extensive  atmosphere ;  and 
bright  and  dark  spots  are  occasionally  seen  on  her  disc.  Some 
astronomers  assert  that  they  have  discovered  mountains  on  her 
surface.  She  revolves  on  her  axis  in  23hrs.  20min.;  but  the 
inelination  of  the  axis  to  the  plane  of  the  orbit  has  not  been  dis- 
covered ;  so  that  we  cannot  tell  whether  this  planet  has  any 
variation  of  seasons.  A  body  weighing  1  lb.  on  the  earth's  sur- 
face, would  weigh  on  that  of  Venus  16  oz.  10  dr. 

4.  THX  MOON. 

Thb  moon  is  a  dark,  opaque  globe,  having  no  light  but  what, 
like  the  earth,  it  borrows  from  the  sun,  which  shines  to  us  by 
refleetion.  When  the  moon  is  viewed  through  a  telescope,  its 
sor&ce  appears  diversified  with  hills  and  dales.  This  irregur 
larity  is  Uie  cause  of  the  light  and  dark  spots  observable  on  its 
diae  by  the  naked  eye.  The  bright  places  are  the  sunny  sides 
of  die  hills;  and  ttie  dark  their  opposite  sides  or  shadows. 
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Deep  carilies  or  ralleys,  to  wbose  bottoms  the  sun-beams  caB' 
not  penetrate,  also  diminish  the  genera)  splendour.  For,  Uiough 
a  pit  or  \ alley  has  the  side  farthest  from  the  sun  illuminated ; 
yet,  the  bottom  will  always  appear  between  it  and  the  sun  in 
considerable  obscurity. 

It  was  once  supposed  that  the  light  and  dark  places  on  the 
moon's  surfiau^e  were  sea  and  land ;  but  those  places,  that  look 
the  most  like  water,  have  been  found  to  be  full  of  deep  cavities, 
which  circumstance  makes  this  supposition  improbable.  It  was 
also  long  contested  whether  the  moon  has  amy  water  on  its  sur- 
face ;  and,  if  no  water,  it  was  supposed  there  could  be  no  at- 
mosphere, clouds  or  rain.  The  moon  is  now  believed  to  have 
an  atmosphere  of  one-third  the  extent  and  density  of  the  earth's, 
but  no  water. 

The  best  time  for  making  observations  on  the  moon  with  a 
telescope,  is,  when  only  a  part  of  its  enlightened  disc  is  towards 
us.  For  then  light  can  be  observed  travelling  over  the  surface ; 
and,  in  this  case,  the  line  bounding  light  and  darkness  appears 
jagged,  occasioned  by  the  sun-beams  gilding  the  mountain  tops, 
while  their  lower  parts  continue  in  comparative  darkness.  It 
might  be  supposed  that  the  mountains  would  be  discovered  on 
the  edge  ;  but  this  is  not  the  case.  For,  they  no  more  deform 
the  moon's  general  rotundity,  than  the  little  inequalities  outside 
an  orange  impair  its  shape.  If  we  examine  an  orange ;  those 
little  protuberances  and  cavities  on  its  rind  appear  considerable 
on  the  part  next  us ;  because  the  rays  of  vision  are  perpen* 
dicular  to  the  eye ;  but,  looking  past  the  side,  especially  if  th&t 
side  be  towards  the  light,  it  will  appear  quite  smooth :-  -hence, 
the  lunar  mountains  are  not  so  easily  detected  as  one  might 
imagine.  They  were  once  said  to  be  comparatively  much  higher 
than  the  earth's ;  but  Sir  W.  Herschel  discovered  that  none  of 
them  exceed  a  mile  in  perpendicular  height ;  except  one  which 
is  li  miles  high.  Its  bright  side  forms  the  radiating  part  so 
conspicuous  towards  the  lower  limb. 

The  disc  of  the  earth,  if  viewed  from  -the  moon,  would  appear 
13  times  larger  than  the  moon's  disc  appears  to  us ;  but,  as  to 
quantity  of  matter,  the  earth  is  about  4B  times  larger  than  the 
moon.  A  body  on  the  surface  of  the  moon  would  weigh  only  a 
third  part  of  what  it  weighs  on  the  earth.  The  moon's  shape  is 
that  of  an  oblate  spheroid. 

Herschel  discovered  several  volcanoes  in  the  moon.  Some 
of  which  he  saw  in  a  state  of  actual  eruption,  ejecting  large 
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qnantitieB  of  ignited  matter.  This  matter,  he  ohserved,  had  the 
appearance  of  bnming  charcoal  in  faint  daylight,  when  it  has 
been  so  long  ignited  as  to  be  covered  with  a  thin  coat  of  white 
ashes.  The  laminons  part  of  a  volcano,  seen  in  1787,  he  sup- 
posed to  be  not  less  than  3  miles  in  diameter.  The  most  favour- 
able time  for  examining  them  is  soon  after  change  upon  the  dark 
part  of  the  disc. 

He  also  describes  the  lunar  mountains  as  stratified  ;  and  Dr. 
Brewster  says,  that  **  Her  mountain  scenery  bears  a  stronger 
resemblance  to  the  towering  sublimity,  and  the  terrific  rugged- 
ness  of  alpine  regions,  than  to  the  tamer  inequalities  of  less 
elevated  countries.  Huge  masses  of  rock  rise  at-once  from  the 
plains,  and  raise  their  peaked  summits  to  an  immense  height  in 
the  air,  while  projecting  craggs  spring  from  their  rugged  flanks 
and  threatening  the  vdleys  below,  seem  to  bid  defiance  to  the 
laws  of  gravitation.  Around  the  base  of  these  frightful  emi- 
nences, are  strewed  numerous  loose  and  unconnected  fragments, 
which  time  seems  to  have  detached  from  their  parent  mass ;  and 
when  we  examine  the  rents  and  ravines  which  accompany  the 
overhanging  clifis,  we  expect  every  moment  that  they  are  to  be 
torn  from  their  base ;  and  that  the  process  of  destructive  sepa- 
ration, which  we  had  only  contemplated  in  its  effects,  is  about 
to  be  exhibited  before  us  in  tremendous  reality.  The  moun- 
tains called  the  Appennines,  which  traverse  a  portion  of  the 
moon's  disc  from  north-east  to  south-west,  rise  with  a  pre- 
cipitous and  craggy  front  from  the  level  of  the  Mare  Imbrium. 
In  some  places  their  perpendicular  elevation  is  about  four  miles; 
and  though  they  often  descend  to  a  much  lower  level,  they  pre- 
sent an  inaccessible  barrier  to  the  north-east;  while  on  the 
south-west  they  sink  in  gentle  declivity  to  the  plains.'' 

''The  analogy  between  the  surface  of  the  earth  and  the  moon 
fails  in  a  still  more  remarkable  degree,  when  we  examine  the 
circular  cavities  which  appear  every  where  on  her  disc.  Some 
of  these  immense  caverns  are  nearly  four  miles  deep  and  forty 
miles  in  diameter.  A  high  annular  ridge,  marked  with  lofty 
peaks  and  little  cavities,  generally  encircles  them :  an  insulated 
mountain  frequently  rises  in  their  centre,  and  sometimes  they 
contain  smaller  cavities  of  the  same  nature  with  themselves. 
These  hollows  are  most  numerous  in  the  north-west  part  of  the 
moon ;  it  is  from  this  cause  that  that  portion  of  this  luminary  is 
more  brilliant  than  any  other  part  of  her  disc.  The  mountainous 
ridges  which  eocirde  the  cavities,  reflect  the  greatest  quantity 
of  light;  and   from  their  lying  in  every  possible  direction> 
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they  appear^  near  the  time  of  the  fall  moon,  like  a  nunt* 
ber  of  brilliant  radiations,  nsuing  from  the  small  spot  called 
Tycho/' 

*'  It  is  difficult  to  explain,  with  any  degree  of  probability,  the 
formation  of  these  immense  cavities ;  but  we  cannot  help  thmk- 
ing  that  our  earth  would  assume  the  same  figure,  if  all  the  seas 
and  lakes  were  removed ;  and  it  is  therefore  probable,  that  the 
lunar  cavities  are  either  intended  for  the  reception  of  water,  or 
that  they  are  the  beds  of  lakes  and  seas  which  have  formerly 
.  existed  in  the  moon.  The  circumstance  of  there  being  no  water 
in  the  moon  is  a  strong  confirmation  of  this  theory." 

6.   MARS. 

This  planet  is  of  a  red,  fiery  colour.  When  it  approaches 
any  of  the  fixed  stars  they  are  observed  to  change  their  colour, 
become  dim  and  lastly  invisible ;  which  circumstances  are  ac- 
counted for  by  supposing  the  planet  to  have  a  very  dense  and 
extensive  atmosphere.  When  viewed  through  a  telescope  it 
presents  phases  according  to  its  position,  though  it  is  never 
horned:  its  disc  being  always  greater  than  a  semicircle. 

This  planet  has  more  black  spots  on  its  surface  than  any  of 
the  primary  planets.  From  these,  Herschel  discovered  that  it 
revolves  on  its  axis  in  24hrs.  40min.;  and  that  its  axis  makes  an 
angle  of  50deg.  42min.  with  the  plane  of  the  earth's  orbit;  and 
with  the  plane  of  its  own  orbit  of  61deg.  18min.  The  obliquity 
of  its  ecliptic  to  its  equator  is,  therefore,  between  6  and  6  deg# 
mere  than  the  earth's ;  hence,  the  Martial  inhabitants  will  ex- 
perience a  much  greater  change  of  seasons  than  ourselves. 
Their  proportion  of  light  and  heat  is  less  than  one  half  of  ours, 
or  as  43  to  100 ;  yet,  their  summer  being  double  the  length  of 
ours,  it  is  supposed  their  condition  wiU,  in  many  respects,  not 
differ  much  from  our  own. 

Very  bright  spots  have  been  observed  around  the  poles  of 
Mars.  The  bright  north  polar  spot  seen  in  1781,  was  supposed 
to  be  at  about  76  or  77deg.  of  north  latitude: — this  supposition 
was  founded  on  its  periodical  appearance  and  disappearance. 
In  the  same  year  a  large,  bright  spot  appeared  in  the  southern 
regions,  nearly  in  the  midst  of  which  was  the  southern  pole ; — 
but  the  spot  extended  to  the  70  or  66  deg.  These  spots  are 
supposed  to  be  occasioned  by  the  planet's  surfaoe  being  intensely 
fh>flen  or  covered  with  snow  ;->-but  more  probably  they  are  of 
the  nature  of  our  aurora  boreaUs. 
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The  magnitade  of  Mars  is  less  than  one-third  that  of  the 
earth;  and  its  density  b  only  -^  of  the  earth's  density:  so  that 
a  body  weighing  lib.  on  the  earth  would  only  weigh  5oz.  6 dr. 
on  the  surface  of  Mars.  The  figure  of  this  planet  is  an  oblate 
spheroid :  the  equatorial  diameter  being  to  the  axis  as  16  to  15. 

6.   ASTEROIDS. 

The  diameters  of  these  according  to  Sir  W.  Herschel,  are 
not  more  than  200  miles;  consequently,  their  discs  are  too 
small  to  have  any  of  their  peculiarities  detected.  It  is  conjec- 
tured, that  many  such  may  be  circling  round  the  sun  in  our 
system;  which,  by  reason  of  their  diminutiveness  and  their 
sending  forth  such  feeble  rays,  have  not  yet  been  discovered. 
Some  have  supposed  them,  on  account  of  their  differing  so  much 
in  many  respects  from  the  primary  planets,  to  be  extinguished 
comets;  and  that  they  are  of  this  origin,  as  well  as  perhaps  some 
other  of  the  planets,  is  rendered  extremely  probable  by  the  dis- 
coveries of  Herschel.  The  eccentricities  of  their  orbits  are  so 
great  that  they  cross  each  others  paths  with  the  greatest  appa- 
rent confusion,  see  Fig.  1.  Their  least  and  gi*eatest  distances 
from  the  sun  with  the  inclination  of  their  orbits  to  the  ecliptic 
are  as  follows : 


.». 

Least  Distance. 

Greatest  Distance. 

Inclination. 

Vesta 
Juno 
Ceres 
PaUas 

204,419,947 
189,792,142 
242,305,440 
198,404,567 

246,450,053 
316,968,824 
283,501,700 
327,437,913 

7deg.  8  m.  46  s. 
13          3       28 
10        37       34 
34        37         8 

7.  JUPITER. 

Jupiter  is  the  largest  of  all  the  planets;  its  cubic  magni- 
tude being  almost  1400  times  that  of  the  earth,  but  its  density 
is  less  than  a  quarter  of  the  earth's  density.  Like  Mars  and 
the  other  superior  planets,  Jupiter  appears  largest  when  in  op- 
position to  the  sun;  for  then  it  fs  nearer  to  us  by  all  the  width 
of  the  Earth's  orbit  than  when  in  conjunction;  besides,  it  then 
turns  nearly  the  whole  of  its  enlightened  disc  towards  us. 
Jupiter  has  a  bright  appearance,  but  less  so  than  Venus,  be- 
ing  when  these  planets  are  nearest  the  earth,    at  12  times 
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greater  distance  than  Venus.  The  axis  is  nearly  perpendicu- 
lar to  the  plane  of  the  orhit;  so  that  the  inhabitants  of  this 
planet  will  enjoy  little  diversity  of  season.  Its  figure  is  an  ob- 
late spheroid:  Uie  equatorial  diameter  being  to  the  axis  as  13  to 
14.  Its  diurnal  rotation  is  completed  in  9  hrs.  66  m.;  so  that 
its  equatorial  parts  will  be  hurled  round  with  a  velocity  of 
26,000  miles  per  hour.  A  body  weighing  1  lb.  on  the  earth 
would  weigh  2  lb.  4  oz.  8  dr.  at  the  surface  of  Jupiter. 

Jupiter  is  generally  surrounded  with  broad,  thin  substances 
or  streaks  called  belts ;  supposed  to  be  a  kind  of  clouds.  They 
are  not  permanent:  sometimes  eight  are  seen;  sometimes  only 
one,  and  at  other  times  none.  They  are  generally  parallel  to 
each  other  and  to  the  equator,  but  not  always  so ;  for  one  will 
sometimes  appear  to  be  attracted  towards  a  neighbouring  one, 
and  these  conjoining  make  a  broad  one.  The  time  of  their  con- 
tinuance is  very  uncertain.  Sometimes  they  remain  with  little 
alteration  for  three  months;  and  at  other  times  new  ones  have 
been  formed  and  dissolved  in  a  few  hours.  They  appear  at 
times  even  and  well  defined ;  and  at  other  times  irregular  and 
broken.  Black  spots  are  fdso  sometimes  seen  among  them,  by 
means  of  which  this  planet's  rotation  on  its  axis  has  been  dis- 
covered. Something  of  this  belt-like  appearance  has  been  ob- 
served on  the  disc  of  Mars;  but  in  a  much  less  degree. 

Jupiter  is  attended  by  four  Satellites ;  which,  when  viewed 
on  different  nights  with  a  telescope  of  small  power,  appear  to 
oscillate  like  the  pendulum  of  a  clock :  being  seen  first  at  one 
side  and  then  on  the  other  of  their  primary.  At  their  inferior 
conjunction,  or  when  passing  over  the  planet's  disc,  they 
sometimes  appear  upon  it  like  dark  spots;  sometimes  like  lu- 
minous spots;  and  at  other  times  they  cannot  be  distinguished 
from  the  body  of  the  planet.  This  diversity  in  their  appea- 
rance has  been  supposed  by  some  to  indicate  a  surface  com- 
posed of  land  and  water;  but,  perhaps,  it  may  be  explained 
by  the  different  position  of  the  planets  and  satellites  with  res- 
pect to  the  earth  and  sun.  In  some  situations,  both  the  satel- 
lites and  their  shadows  may  be  seen  crossing  the  disc  of  the 
primary: — when  the  former  appear  as  bright  spots,  and  the 
latter  as  dark  spots.  As  Jupiter  casts  a  dark,  conical  shadow 
behind  him  in  a  line  with  the  sun,  the  satellites  are  often  ob- 
scured in  it,  when  they  would  otherwise  be  visible  from  the 
earth;  and  at  other  times  they  are  hid  behind  the  planet  when 
not  in  its  shadow. 
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These  transits  of  the  satellites  and  their  occultations,  are  very 
Qsefdl  to  navigators  in  determining  the  longitude.  The  nautical  al- 
manac published,  as  its  name  imports,  expressly  for  the  use  of  sea- 
men, contains  the  precise  moment  of  every  occultation  or  transit; 
and  for  the  convenience  of  long  voyages,  it  is  generally  issued 
three  years  before  they  take  place.  Now  if  one  of  the  satellites 
be  observed  through  a  telescope,  from  a  ship  at  sea,  to  be 
eclipsed  exactly  at  8  o'clock;  and  the  sailors  refer  to  the  nauti- 
cal almanack,  and  lind  that  this  occurrence  should  take  place 
at  Greenwich,  (the  meridian  from  which  longitude  is  counted), 
at  half  past  7;  they  know  that  they  are  in  7deg.  SOmin.  east 
longitude:  or,  if  they  find  that  it  should  happen  at  Greenwich  at 
half-past  8  o'clock,  they  conclude  that  they  are  in  7deg.  30min. 
west  longitude.  The  above  rule  is  the  same  in  all  latitudes. 
The  eclipse  will  appear  to  all  parts  of  the  earth,  where  it  is 
visible,  to  happen  at  the  same  instant ;  but  when  considered 
with  reference  to  the  hour  of  the  day,  it  will  vary  according  to 
the  longitude,  reckoning  15deg.  to  an  hour. 

8.   SATURN. 

Saturn,  when  viewed  through  a  telescope,  is  the  most  beau- 
tifnl  of  all  the  planets.  Having  not  only  7  moons,  but  also  a 
large  doable  ring,  and  two  belts  similar  to  those  of  Jupiter.  The 
ring  is  a  thin,  broad,  opaque  substance,  encompassing  the  pla- 
net's body  without  touching  it;  and  is  itself  of  a  planetary 
nature.  The  plane  of  this  ring  is  nearly  in  the  plane  of  all  the 
satellites,  having  its  outer  edge  towards  them,  and  its  inner  to- 
wards the  equator  of  the  primary.  Figure  11.  would  represent 
this  planet  and  its  rings,  could  we  view  it  in  the  direction  of  one 
of  its  poles ;  or,  it  is  a  representation  of  the  plane  of  the  rings 
and  planet's  equator.  The  dimensions  are,  according  to  Hers- 
chel,  as  follows : 

Diameter  of  the  planet 77,680  miles. 

Inner  do.  of  smaller  ring    •••••. 146,345    - 

Outer  do.        do.  189,393    - 

Inner  diameter  of  larger  ring    .  • 190,248    - 

Outerdo.         do.  204.883    - 

Db.  of  inner  ring  from  the  planet's  surface    34,232    - 

Breadth  of  inner  ring .  • 19,024    - 

Space  between  rings  2,927    - 

Breadth  of  outer  ring    ••••^..       7,317    - 

I2 
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This  planet  never  appears  to  as  as  represented  in  Fig.  11 ; 
or  the  ring  being  always  parallel  with  itself  t.  6»  its  situation 
in  one  part  of  its  orbit  being  continaally  parallel  to  that  of  any 
other,  and  making  an  angle  with  the  ecliptic  of  31deg.,  the 
edge,  is  always  either  partially  or  altogether  towards  us.  The 
edge  of  the  ring  is  so  narrow  that  it  does  not  reflect  any  light ; 
so  that  when  it  is  towards  us  the  ring  seems  to  disappear.  At 
this  time  the  planet  appears  quite  round  with  a  line  across  its 
middle.  A  little  after,  when  the  eye  is  partly  to  one  side  of  its 
edge,  the  shadow  of  the  ring  is  visible  on  the  planet's  surface; 
and  in  about  7  years  afterwards  the  largest  quantity  of  the  ring 
IS  seen,  when  it  seems  to  have  an  oval  shape  as  represented 
Fig.  12.  Thus  the  ring  disappears  twice  in  every  revolution  of 
the  planet:  or,  once  every  16  years.  It  was  invisible  in  the 
beginning  of  the  year  1819. 

The  ring,  when  viewed  through  the  most  powerful  telescopes, 
appears  nearly  as  bright  as  any  part  of  the  planet's  disc ;  pre- 
senting in  some  degree  the  appearance  of  an  immense  luminoos 
cloud,  studded  with  brilliant  spots  of  different  size  and  splendor, 
and  disposed  at  various  distances  from  each  other.  By  some  it 
bas  been  supposed  to  consist  of  a  vast  number  of  satellites  dis- 
posed so  as  to  present,  by  reason  of  their  proximity,  the 
appearance  of  one  compact  body.  The  two  belts,  also,  of  Satnm 
appear  to  be  of  much  greater  density  than  those  of  Jupiter,  and 
are  supposed  to  be  permanent.  1  hey  are  parallel  to  the  outer 
edge  of  the  ring,  and  probably  of  the  same  nature  as  the  ring 
itself. 

Saturn  revolves  on  its  axis  in  lOhrs.  16min;  and  the  rings 
are  also  found  to  revolve  on  their  own  axis,  which  is  perpen- 
dicular to  their  coinciding  planes,  in  lOhrs.  82min.  llie  planes 
of  the  rings,  which  are  also  coincident  wiUi  the  planes  of  the 
planet's  equator,  make  an  angle  with  the  plane  of  the  orbit  of 
SOdeg.,  so  that,  Saturn's  change  of  seasons  is  considerably 
greater  than  ours.  The  opposite  seasons  are  nearly  16yr8. 
apart;  and  one  of  his  years  is  equal  to  about  80  of  ours.  The 
magnitude  of  this  planet  is  1000  times  that  of  the  earth,  but  its 
density  is  only  one  fifth;  so  that  its  weight,  independent  of  the 
rings,  is  only  200  times  that  of  the  earth's  weight.  One  pound 
on  the  earth  would  weigh  lib.  4 dr.  if  removed  to  Uie  surfiice  of 
Saturn.     Its  equatorial  diameter  is  to  its  axis  as  11  to  10. 

The  light  of  this  planet,  on  account  of  its  great  distance,  is 
pale  and  feeble ;  but  Saturn  has  a  very  extensive  atmosphere 
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reaehing,  as  is  supposed,  to  the  inner  ring;  and  as  the  ring 
reflects  a  light  similar  to  the  planet  itself,  it  is  reasonable  to  sup- 
pose that  it  has  an  atmosphere  of  its  own.  Saturn's  light  and 
heat,  on  the  principle  of  the  sun  being  a  globe  of  fire,  is  only 
one-hundredth  part  of  what  we  experience. 

9.  URANUS,  HERSCHEL,  OR  GEOR6IUM  8IDUS. 

This  planet  was  discorered  by  Sir  William  Herschel  on 
March  13th  1781.  In  honour  of  his  late  Majesty  George  IIL 
be  called  it  "  Georgium  Sidus,"  or  the  Georgian  Star ;  foreign 
astronomers  called  it  Herschel  in  honour  of  its  discoverer ; — 
but  it  is  now  generally  known  by  the  name  of  Uranut,  Sir  I. 
Newton  once  saw  it,  and  has  left  records  of  its  being  a  planet ; 
but  he  lost  sight  of  it  before  he  ascertained  its  motion.  It 
appears  to  the  naked  eye  no  larger  than  a  star  of  the  6th  or  7th 
magnitude ;  and  is  therefore  seldom  seen  without  a  good  telescope. 
The  plane  of  its  orbit  nearly  coincides  with  the  plane  of  the 
earth's  orbit ;  consequently,  it  is  always  to  be  found  either  upon 
or  Tery  near  the  ecliptic.  It  is  at  double  the  distance  of  Sa- 
turn firom  the  sun,  and  is  the  outermost  planet  that  has  hitherto 
been  discovered  in  our  solar  system.  Its  mean  daily  motion 
along  the  ecliptic  is  but  42*4 sec,  and  its  progress  in  the  orbit 
only  15,646  miles  per  hour. 

The  inclination  of  this  planet's  axis  to  the  plane  of  its  orbit 
is  not  known,  neither  its  diurnal  revolution  ;  consequently,  we 
know  nothing  of  the  length  of  its  day,  or  whether  it  has  any 
change  of  season.  Its  magnitude  is  90  times  that  of  the  earth, 
but  its  density  is  only  one-fourth  the  earth's  density;  lib.  on 
iU  surface  would  weigh  only  14  oz.  14  dr.  Its  quantity  of  light 
and  heat  is  only  a  five-hundredth  part  of  the  earth's : — hence, 
the  sun  to  the  inhabitants  of  this  planet  can  only  appear  like  a 
star.  Herschel  at  various  times  discovered  6  satellites  belong- 
ing to  this  planet. 


Wb  have  here  stated  the  comparative  light  and  heat  of  each 
primary  planet,  on  the  supposition  of  the  sun  being  a  solid  globe 
of  fire,  and  the  light  and  heat  according  to  the  distance :  how- 
ever, as  this  opinion  b  now  exploded,  the  real  quantity  of  light 
and  heat  will  be  very  •different  from  the  above  statements ;  and 
will  depend  in  a  great  measure  upon  the  quantity  of  matter  and 
peculiar  electric  energies  of  each.    The  atmosphere  as  will  be 
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shewn  in  the  coarse  of  this  work,  is  indicative  of  these  energies ; 
and  is,  perhaps,  in  proportion  to  the  quantity  of  matter  in  each 
planet;  and,  as  it  is  found  that  the  light  and  heat  experienced 
on  the  earth's  surface,  are  chiefly  owing  to  its  atmosphere ;  so 
the  planet  Saturn  which  has  an  atmosphere  much  more  ex- 
tensive than  the  earth's,  may  have  a  degree  of  light  and  heat 
proportionate  thereto.  And,  perhaps,  philosophy  may  ere  long 
he  ahle  to  demonstrate,  that  the  solar  light  and  heat  of  all  the 
planets  are  nearly  the  same. 

10.   PLANETARY  MOTION. 

The  planets  are  preserved  in  their  orhits  hy  a  power  called 
attraction  or  gravitation.  All  things  upon  the  earth's  surface 
remain  at  rest ;  but  )ret  seem  to  press  against  it  as  if  endeavour- 
ing to  enter  the  earth :  or,  if  a  body  be  elevated  to  any  height 
in  the  air,  and  then  let  fall,  it  will  descend  perpendicularly,  to 
the  plane  of  the  horizon,  or  along  the  line  of  the  zenith  and 
nadir :  the  cause  of  this  tendency  to  move  downwards,  as  we 
term  it,  is  what  is  meant  by  attraction  or  gravitation. 

Attraction  is  a  property  inherent  in  all  matter ;  and  its  power 
is  directly  in  proportion  to  the  bulk  of  the  body,  or  the  quantity 
of  matter  which  it  contains ;  and  inversely  as  the  square  of  the 
distance  from  that  body.  Could  a  pound  of  lead,  therefore  be 
elevated  to  a  distance  above  the  surface  of  the  earth  equal  to  the 
distance  of  that  surface  from  the  centre,  that  is,  4000  miles,  it 
would  weigh  but  a  quarter  of  a  pound. 

As  the  earth  attracts  bodies,  so  the  sun  attracts  the  earth  and 
other  planets ;  and  they  the  sun  in  the  direction  of  their  centres. 
This  tendency  of  planets  towards  the  sun  is  called  the  ceii^ 
tripetal  force.  To  counteract  this,  there  is  another  projectile 
force  acting  at  right  angles  with  it.  Its  tendency  being  to  cause 
the  planets  to  fly  off  from  the  orbit,  it  is,  consequently,  called  the 
centrifugal,  force,  lliese  two  forces  are  so  nicely  balanced  that 
the  planets'  tendency  to  fly  off,  or  to  fall  upon  the  sun  is  equally 
divided ;  and  thus  they  continue  to  encircle  the  sun. 

The  above  may  be  exemplffied  by  twirling  round  with  Ae 
hand  a  stone  in  a  sling.  The  sling  will  represent  die  oMitripetal 
force ;  and  the  projectile  force  is  what  carries  the  stone  round ; 
which  exemplifies  the  centrifegal  force  as  soon  as  the  sling  is 
loosed,  when  the  stone  flies  off  at  a  tangent  to  the  circle  it  made 
round  the  hand. 
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The  sun  and  a  planet  turn  round  on  their  common  centre  of 
gravity.  What  is  meant  by  centre  of  gravity  may,  in  this  case, 
be  represented  by  the  steelyard,  (see  Fig,  16).  The  point  be- 
tween the  weights,  on  which  they  are  balanced  and  suspended, 
b  their  common  centre  of  gravity.  Should  they  be  twirled 
round  upon  it,  each  weight  will  describe  a  circle ;  and  the  velo- 
city with  which  they  move  will  be  proportionate  to  that,  which 
each  would  acquire  by  falling  half  the  distance  between  itself 
and  this  central  point.  Now  the  sun's  weight  being  equal  to 
337,086  times  the  earth's  weight,  their  common  centre  of  gravity 
together  with  the  weight  of  the  moon,  which  must  be  added  to 
die  earth's  weight,  is  only  about  100  miles  from  the  sun's  cen- 
tre. The  common  centre  of  gravity  of  the  sun  and  Jupiter  with 
his  satellites,  is  a  little  outside  the  solar  surface ;  and  that  of 
the  sun  and  all  the  planets  together,  is,  at  not  more  than  the 
length  of  the  sun's  diameter  from  its  centre.  Now  if  the  pro- 
jectile fo9ce  were  to  cease,  they  would  be  immediately  attracted 
to  each  other;  and  would  meet  precisely  at  their  common  centre 
of  gravity. 

The  common  centre  of  gravity  of  the  moon  and  earth  is  at 
about  700  miles  from  the  earth's  surface,  llie  earth,  therefore, 
in  passing  round  the  sun  does  not  describe  a  regular  oval,  but 
this  central  point  describes  the  line  of  the  orbit.  So,  likewise, 
the  sun  has  a  kind  of  orbit :  its  centre  being  the  common  centre 
of  gravity  of  the  solar  s}'Stem. 

The  elliptical  orbits  of  the  planets  may  seem  to  form  an  ob- 
jection against  this  theory  of  attraction ;  but  they,  in  reality, 
establish  it.  For  when  a  planet  is  in  that  part  of  the  orbit 
nearest  the  sun,  tbe  centripetal  force  is  increased,  but  this  tends 
also  to  increase  the  velocity  ;  and  therefore  the  projectile  force 
or  tendency  to  Ry  off  is  also  proportionately  increased.  So  when 
the  planet  is  at  the  part  of  the  orbit,  which  is  at  the  greatest 
distance  from  the  sun,  its  centripetal  force  is  diminished ;  and 
for  the  same  reason  the  velocity  is  retarded,  and  its  tendency 
to  fly  off  is  less. — Hence,  the  planets  describe  equal  areas  of 
tbe  planes  of  their  orbits  in  equal  spaces  of  time. 

The  difference  of  the  apparent  diameter  of  the  sun  is  what 
shews  him  to  be  at  various  distances  at  different  seasons  ;  but 
the  variation  in  the  earth's  velocity  is  the  most  unerring  guide. 
For  the  planets  are  found  to  perform  their  respective  revolu- 
tions in  spaces  of  time,  whose  squares  are  in  proportion  to  the 
cubes  of  their  distances  from  the  sun :  so  that,  when  the  earth 
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mores  quick  as  in  winter,  as  the  square  of  the  time  required  to 
traverse  a  certain  space  is  diminished,  so  must  also  be  the  cube 
of  the  distance. 

As  the  primary  planets  thus  gravitate  towards  the  sun,  and 
the  secondary  towards  their  primaries,  it  needs  must  be  that 
they  will  attract  or  gravitate  towards  each  other : — which  ac- 
cordingly is  found  to  be  the  case.  This  is  observed  the  most 
between  Jupiter  and  Saturn.  For,  the  farther  the  planets  are 
from  the  sun,  and  the  nearer  they  are  to  each  other,  the  more 
they  will  interfere.  Though  Uranus  and  Saturn  are  at  the 
greatest  distance  from  the  sun;  }et,  their  distance  from  each 
other  is  almost  three  times  that  of  Jupiter  from  Saturn ;  the 
bulk  of  Jupiter  is  also  above  16  times  that  of  Uranus.  The 
action  of  Jupiter  when  nearest  to  Saturn  is  about  a  2(>4th 
part  of  the  action  of  the  sun  upon  Saturn,  which  action  must 
considerably  disturb  Saturn's  regular  motion.  In  one  revolu- 
tion, when  the  two  planets  were  nearly  in  a  line  with  the  sun, 
Saturn  was  thus  retarded  13  days.  Before  Uranus  was  disco- 
vered, it  was  imagined  from  the  confusion  in  the  motion  of  Jupiter 
and  is^atarn,  when  in  conjunction  with  him,  that  there  must  be 
a  planet  to  cause  this  confusion.  A  similar  observation  led  to 
the  discovery  of  the  Asteroids.  Comets  have  also  been  found  to 
be  much  disturbed  in  their  motion  when  in  the  neighbourhood 
of  the  planets,  but  especially  in  that  of  Jupiter, 

Besides  the  want  of  permanency  in  the  obliquity  of  the  eclip- 
tic, the  axis  of  the  earth  is  found  to  have  a  tremulous  motion ; 
so  that  its  inclination  to  the  plane  of  the  orbit  varies  a  little  every 
0  years : — the  axis  playing  backwards  and  forwards.  Both  these 
motions  are  caused  by  the  action  and  reaction  of  the  moon  and 
planets  upon  the  earth ;  and  a  like  irregularity,  either  less  or 
more,  may  be  observed  in  the  motions  of  all  the  primary  planets. 
The  attraction  of  the  sun  is  also  found  to  interfere  with  the 
motions  of  all  the  satellites.     See  Chap.  III.  s.  1 

Newton  affirms  that  this  partial  confusion  in  the  planetary 
motions  will  continually  increase  till  the  frame  of  our  solar  sys- 
tem is  destroyed.  Hence,  he  deduces  an  argument  against 
those  who  maintain  that  the  world  is  eternal.  Whfle  on  thiS 
other  hand,  some  have  dared  to  call  in  question  the  sldH 
of  the  Almighty,  as  if  his  works  were  imperfect  But  the 
same  may  be  said  of  animals,  whose  frames  are  only  tem- 
porary. If  our  solar  system  be  only  temporary,  it  furnishes 
a  proof  of  the  truth  of  revelation ;  namely,  that  the  world  was 
created  to  endure  only  for  an  appointed  time. 
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11.  HOW  THB  DISTANCES  OF  THE  SUN  AND  PLANETS 
HATE  BEEN  DETERMINED* 

The  distances  of  the  sun  and  planets  are  found  by  what  is 
caUed  their  parallax.  By  parallax  is  meant  the  apparent  change 
in  the  situation  of  an  object,  occasioned  by  a  change  of  place  in 
tiie  observer.  Thus  :  if,  while  standing  at  the  foot  of  a  tower^ 
we  observe  the  moon  or  a  star  to  be  just  over  the  top  of  any  high 
object,  a  chimney  for  instance ;  when  we  have  ascended  to  the 
top  of  the  tower,  the  moon  or  star  will  be  seen  considerably 
above  the  chimney  top.  This  apparent  change  of  place  of  the 
moon  or  star,  with  respect  to  the  chimney,  is  what  is  meant  by 
parallax ;  and  its  extent  will  be  according  to  the  elevation  of  the 
tower, — and  the  distance  of  the  chimney. 

Parallax  has  reference  to  the  place  whereat  a  heavenly  body 
wonld  appear,  if  we  conid  view  it  from  the  earth's  centre.  A 
body  in  the  zenith,  therefore,  has  no  parallax ; — because  the  eye 
is  in  the  line  between  the  earth's  centre  and  that  body.  So 
likewise  when  a  body  is  at  the  horiaon,  the  parallax  is  the 
greatest ; — the  eye  being  the  length  of  the  earth^s  semidiameter 
from  that  line :  consequently,  the  nearer  a  body  is  to  the  hori- 
son,  the  greater  is  its  parallactic  angle ; — and  it  is  the  less,  the 
nearer  that  hody  is  to  the  zenith.  As  the  parallactic  angle  of  a 
near  body  is  greater  than  that  of  a  more  distant  one ;  the  hori- 
zontal piurallax  of  the  moon  will,  of  course,  be  greater  than  that 
of  any  of  the  planets;  while  the  parallax  of  the  fixed  stars,  on 
account  of  their  immense  distance,  is  not  measurable.  As  the 
moon  as  well  as  the  planets  are  at  various  distances  at  diflRsrent 
times,  or  when  they  are  in  different  parts  of  their  orbits,  the 
parallactic  angle  will  vary  according  to  that  distance. 

Now  to  apply  this  principle  to  finding  the  distances  of  the 
various  bodies  composing  our  solar  system.  Two  stations  on 
the  earth's  surface,  whose  distances  from  each  other  are  known, 
must  be  considered  as  the  height  of  the  tower ;  the  moon  or  a 
planet  is  used  as  the  chimney  top; — and  by  this  means  the 
parallax  of  the  sun  and  moon,  and,  consequently  their  distances, 
have  been  found. 

The  most  noted  method  of  finding  the  sun's  parallax  is  by  the 
transit  of  Venus.  For  it  is  obvious  that  to  determine  the  paral- 
lax, the  bodies  must  be  in  a  line  with  the  earth.  Let  S  Fig.  13. 
be  the  sun ;  V  the  planet  Venus ;  and  £  the  earth.  The  sun 
and  earth  are  both  supposed  to  be  at  rest,  while  Venus  moves 
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westward  in  her  orbit  from  A  to  B  with  the  sum  of  her  own 
angular  Telocity,  and  that  of  the  sun.  Let  C  D  be  two  stations 
on  the  earth's  surface,  in,  or  nearly  in  the  plane  of  the  orbit  of 
Venus,  where  two- observers  are  stationed,  who  see  the  transit 
begin  when  Venus  is  at  the  points  A  and  B  in  h^r  orbit  If 
the  difference  of  the  longitude  of  the  two  stations  of  the  ob- 
servers be  accurately  known,  the  time  that  Venus  hafl  taken  to 
move  over  the  arc  A  B  is  also  known :  and  therefore  from  the 
motion  of  Venus  in  her  orbit  the  arc  A  B  is  given ;  or  the  angle 
which  the  line  C  D  subtends  at  the  distance  of  the  sun.  Should 
the  line  C  D  be  equal  to  the  earth's  semidiameter,  the  angle  it 
subtends  at  the  sun,  is  therefore,  the  sun's  horizontal  parallax 
which  is  found  to  be  8-73  seconds.  This  angle  by  a  rule  in 
trigonometry  bears  the  same  proportion  to  the  semidiameter  of 
the  earthy  that  the  sine  of  a  right  angle  bears  to  tiie  distance  of 
the  earth  from  the  sun;  which,  in  this  case^  is  93,596,000 
miles^ 

The  .distance  of  the  earth  from  the  sun  being  found,  the  disr 
tancas  of  all  the  other  planets  are  easily  determined  :<--becaiiae»^ 
as  was  staled  at  Section  10  :*— "  The  planets  are  found  td  per-: 
form  their  respective  revolutions  in  spaces  of  time,  whose 
squares  are  in  proportion  to  the  cubes  of  their  distances  from 
the  sun."  So  that  if  we  multiply  the  square  ot  the  time  of  a 
planet's  revolution,  by  tlie  cube  of  the  earth's  distance  from  the 
sun,  and  divide  the  product  by  the  square  of  the  time  of  the 
earth's  revolution,  the  cube  root  of  the  quotient  will  give  that 
planet's  distance  from  the  sun. 

There  are  many  other  methods  of  finding  the  parallax ;  but 
all  are  attended  with  a  variety  of  obstacles,  as  refraction^  aadl 
the  motion  of  the  earth,  all  tending  to  render  the  process  very 
difficult. 

12.   THE  FIXBD  STARS. 

•  Tub  stars  which  compose  our  solar  system  are  continnaHy 
changing  their  places,  hence,  they  are  called  planets  or  wan- 
derers ;  the  other  appear  always  in  the  same  place  with  respect 
to  each  other,  and  are  therefore  denominated  ,/Sxec/  stars.  They 
are  at  so  great  a  distance  from  the  earth,  that  when  viewed 
through  the  largest  telescopes,  they  appear  less  than  when  seen 
by  the  naked  eye ;  just  as  the  sun  appear?  less  through  a  piece 
of  smoked  or  stained  glass,  being  divested  of  his  daszling 
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brightness.  This  also  acconiits  for  their  eontinaed  twinkling 
when  we  look  st  them,  while  the  planets  shine  with  a  steady 
Kght. 

The  fixed  stars  are  supposed  to  be  sans,  in  magnitude  eqnal 
to,  if  not  superior  to  onr  sun;  with  planets  and  satellites  as  well 
as  eomets  rerolving  round  them,  and  exhibiting  all  the  pheno« 
■lena  of  our  solar  system.  For  considering  their  immense  dis- 
tance, if  they  shone  with  borrowed  light,  it  would  be  too  faint 
to  reach  the  earth.  Though  Herschel  was  of  opinion,  that  in 
some  of  the  clusters  of  small  stars  which  he  examined,  the  stars 
were  too  near  to  each  other  to  admit  of  planets  between  them ; 
hence,  he  conjectured  that  not  all  the  fixed  stars  are  suns  simi- 
lar to  ours,  but  only  the  isolated  ones. 

The  distance  of  Uie  fixed  stars,  unlike  that  of  the  planets,  can 
only,  be  guessed  at.  We  can  ascertain  that  the  supposed  nearest 
of  them,  Sirius  or  the  Dog  star,  is  notless  than  19  millions  of 
■dOioiis  of  miles  distant.  This  is  inferred  from  its  haying  little 
or  no  €mnmal  parallax.  As  the  earth  is  96  millions  of  miles  from 
the  sun,  and  makes  a  circle  round  him  in  a  year ;  it  is  evident, 
that  half  a  year  hence,  we  shall  be  190  millions  of  miles  distant 
firom  the  place  in  the  universe  at  which  we  now  are.  This 
^Musging  of  place  makes  the  planets  appear  to  be  sometimes 
statfonary,  and  at  other  times  retrograde;  but  has  no  efiect 
upon  the  fixed  stars,  or  at  least,  so  little  that  it  cannot  be  mea- 
sured. Were  it  two  seconds  it  would'  give  the  distance  19 
millions  of  millions  of  miles ;  but  it  is  not  even  one ;  and  there- 
fore the  Dog  star,  the  nearest  of  all  the  fixed  stars,  is  more  than 
twice  that  distance  from  us. 

For  the  sake  of  illustration : — suppose  two  objects  exactly  in 
aline  with  the  observer ;  the  nearest,  at  the  distance  of  3  miles, 
which  shall  here  represent  SB  millions  of  millions  of  miles,  the 
distance  of  the  Dog  star ;  and  the  other  object  at  the  distance 
rf  6  or  6  miles,  representing  a  star  of  the  second  magnitude. 
Now  from  the  same  scale,  the  diameter  of  the  earth's  orbit  will 
enlj  be  one  inch.  Thereforei  when  the  observer  has  these  two 
ebjeots  exactly  in  a  line  before  him,  should  he  move  an  intih  to 
e&dier 'Side  he* will  not  perceive  them  to  be  out  of  the  line :  and^ 
not  much'  so  if  he  were  to  move  the  diameter  of  the  orbit  of 
Uratiiis  or  19  inches.  But  should  the  nearest  ol^ect  represent 
Uranus,  and  the  other,  one  of  the  fixed  stars  ;-^en,  were  be 
to  move  the  length  of  the  diameter  of  the  earth's  orbit ;  that  ii, 
976yds.  the  result  would  be  very  different. 

&2 
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It  is  conjeotared  that  light,  though  moving  at  the  rate  of  13 
million  miles  per  minate,  would  be  nearly  a  year  and  a  quarter 
in  reaching  the  earth  from  one  of  the  nearest  fixed  stars.  A 
cannon-bally  with  a  Telocity  of  10  miles  per  minute,  would  be 
1,128,000  years.  As  the  extent  of  space  is  without  bounds, 
and  the  works  of  the  Almighty,  infinite ;  there  may  be  stars 
whose  light,  though  travelling  with  the  above  velocity,  may 
never  reach  the  earth. 

As  a  body  at  the  distance  of  the  fixed  stars  appears  to  have 
less  than  two  seconds  of  annual  parallax ;  it  follows  that  the 
sun,  were  he  viewed  from  that  distance,  would  appear  but  as  a 
point ; — that  is,  without  any  assignable  diameter,  just  as  a  fixed 
star  appears  to  us.  Therefore  we  may  conclude  that  the  fixed 
stars  are  each  of  them  suns,  in  size  and  splendor  equal  to  the 
sun  in  our  system.  While,  from  actual  observation,  some  of 
them  have  been  conjectured  to  be  a  great  deal  larger. 

The  stars,  which  appear  larger  than  the  rest,  are  supposed 
to  be  the  nearest  to  us.  For  the  sake  of  distinction  astronomers 
have  divided  them  into  seven  classes,  according  to  their  appa- 
rent magnitude.  Calling  the  largest,  stars  of  the  Jint  magni- 
tude ;  the  next  in  size,  supposed  to  be  at  double  the  distance, 
stars  of  the  second  magnitude ;  and  so  forth  to  the  seventh  class. 
Those  that  cannot  be  discerned  by  the  naked  eye  are  called 
telescopic  stars ;  and  these  continue,  in  the  same  manner,  to  an 
unlimited  number  of  classes,  or  magnitudes.  Yet  there  is  no 
definite  line  of  distinction  between  any  of  the  classes ;  so  that, 
they  are  frequently  obliged  to  call  some — stars  between  the  first 
and  second  magnitude,  or  between  the  second  and  third,  and  so 
forth.  In  fact,  eithor.from  their  real  magnitude,  or  their  various 
distances,  each  one  of  those  of  the  first  class  differs  from  all  the 
rest  in  splendor,  as  well  as  the  colour  of  its  light 

Some  astronomers  have  calculated  that  there  can  be  only  13 
stars  of  the  first  magnitude,  allowing  the  same  distance  between 
each  as  that  between  the  sun  and  them.  This  will  allow  at 
twice  that  distance  from  the  sun,  space  for  4  times  the  number, 
or  52  stars  of  the  second  magnitude.  At  thrice  that  distance  9 
times  the  number  or  117  stars  of  the  third  magnitude ;  so  that, 
there  will  be  637  stars  of  the  seventh  magnitude ; — ^which  will 
give  an  aggregate  of  1820  stars,  nearly  the  number  that  can  be 
seen  with  the  naked  eye. 

As  the  stars  are  not  dispersed  regularly  all  over  the  sky,  but 
are  in  patches,  ancient  philosophers  called  these  patches  co9« 
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•tellations ;  and  assigned  each  one  the  name  of  that  animal 
whieh  they  imagined  the  shape  of  the  constellation  most  resem- 
bled. But  as  the  limbs  of  these  animals  conld  not,  in  all  cases, 
be  so  disposed  as^to  take  in  every  star,  those  not  included  were 
caUed  wnformed  itars.  Besides  Uiis,  they  gave  particular  names 
to  several  of  the  largest  fixed  stars. 

However  in  vain  we  attempt  to  discover  in  the  disposition  of 
the  stars  any  resemblance  to  those  animals  mentioned  in  the 
zodiac,  and  the  others  are  no  better  to  distinguish ;  but  it  should 
be  remembered  that  in  Egypt  or  Chaldea  where  the  science  of 
astronomy  was  first  cultivated,  they  have  almost  cloudless  skies 
with  long  warm  nights.  Besides,  these  astronomers  were  in  all 
probability  shepherds,  obliged  to  watch  their  flocks  by  night; 
consequently  they  might  well  enough  thus  amuse  themselves. 
But  aa  these  animal  constellations  are  merely  arbitrary  signs, 
without  any  real  foundation  in  nature,  we  must  refer  the 
reader,  who  wishes  to  see  more  upon  this  subject,  to  other  books 
of  astronomy. 

13.    SIR  WILLIAM  HERSCHBL'S  DESCRIPTION  OF  TUB 
UNIVERSE. 

Although  the  fixed  stars  do  not  in  general  appear  to  change 
place  with  respect  to  each  other ;  yet,  Herschel  discovered  that 
about  50  do  so  in  a  small  degree.  Arcturus  and  some  others 
have  a  yearly  progressive  motion  of  2  seconds.  Some  increase 
in  size  and  brightness  for  a  certain  space  of  time ;  and  then 
diminish  till  they  disappear,  when  they  again  renew  their  splen- 
dor. Several  stars  mentioned  in  the  ancient  catalogues  are  not 
now  to  be  found ;  and  some  are  now  seen,  which  were  not  seen 
by  the  ancients.  One  appeared  in  the  year  1572  that  equalled 
Venus  in  brightness.  It  continued  visible  IG  months ;  towards 
the  latter  part  of  which  time  it  diminished  gradually,  and  then 
finally  disappeared.  It  was  situated  in  the  constellation  Cas- 
siopea.  One  appeared  in  Serpentarius  in  the  year  1004,  that 
surpassed  Jupiter  in  magnitude :  it  was  visible  about  1}  years, 
and  then  disappeared ;  neither  of  them  has  been  seen  since. 
Thirteen  stars  are  said  to  have  disappeared ;  and  nine  new  ones 
have  been  discovered,  some  of  which  are  visible  to  the  naked 
eye. 

Some  stars  appear  and  disappear  periodically,  while  others 
have  .periodical  changes  of  magnitude.      Stella  Mira,  in  the 
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neck  of  the  whale,  has  a  period  of  aboat  312  days ;  its  greatest 
lustre  continues  for  aboat  15  days ; — but  it  is  never  quite  invi- 
sible. The  star  Algol  completes  a  revolution  of  variations  in 
2days  211irs.  being  by  turns  a  star  of  the  second  and  fourth 
magnitude^  occupying  7  hours  in  its  wax  and  wane.  The  star 
fi  Antinoi,  continues  in  its  greatest  splendor  40hrs.  in  its  least 
90,  in  its  wax  36,  and  in  its  wane  06  hours. 

Herschel  and  others  have  ascertained  that  the  stars  in  one 
part  of  the  heavens  are  apparently,  slowly,  but  gradually 
approaching  nearer  to  each  other ;  while  in  the  opposite  point 
they  are  receding : — hence,  they  conclude  that  our  sun  has  m 
progressive  motion,  taking  his  attending  planets  along  with  him. 
The  point  in  the  heavens  towards  which  we  are  advancing  is  X 
in  the  constellation  of  Hercules.-  But  should  we  proceed  at  the 
rate  at  which  the  earth  travels  in  its  orbit,  and  they  do  not  con- 
ceive that  we  move  with  a  greater  velocity,  it  would  be  80,000 
years  before  our  system  could  arrive  at  the  place  of  the  nearest 
fixed  star.  Consequently,  in  1000  years  the  stars  will  not  ap- 
pear to  have  materially  changed  their  places. 

Many  of  the  stars  which  appear  single  to  the  naked  eye,  on 
the  application  of  the  telescope,  resolve  themselves  into  two  or 
more.  Herschel  formed  a  catalogue  of  269  double  stars;  among 
which  are  some  treble,  double-double,  quadruple,  double-treble, 
and  multiple.  One  in  the  middle  of  Orion's  sword  is  found  to 
consist  of  12  stars  very  near  together.  There  are  even  20  in  a 
nebulous  star  situated  in  his  head. 

Some  of  these  may  appear  double  from  their  being  situated 
one  beyond  another  nearly  in  a  direct  line ;  and  as  the  solar 
system  in  its  progressive  motion  advances  beyond  that  line, 
these  stars  will  then  exhibit  a  parallactic  angle ;  and  will,  con- 
sequently, recede  from  each  other ;  while  others^  for  the  same 
reason,  approximating  to  a  line  with  the  nearest  star,  will  seem 
to  approach  towards  it  This  will  cause  something  of  an  appa^ 
rent  motion  among  all  the  stars^-r-However  some  of  the  double 
stars  are  not  of  this  description^  Herchel's  observations  upon 
six  of  them  are  as  follows. 

The  Jini  of  these  o  Geminorum  (Castor)  consists  of  two  start, 
that  move  round  each  other  on  their  common  centre  of  gravity. 
Their  orbits, appear  to  be  nearly  circular;  and  must,  therefora^ 
be  at  right  angles  with  the  line  in  which  we  view  them.  The 
time  in  which  the  small  star  moves  round  Castor  is  nearly 
842 yrs.  2mths.  in  a  retrograde  direction. 


Digitized  t^  VjOOQIC 


DESCRIBED.  79 

The  9ecomd  is  the  doahle  star  y  Leonis.  The  smaller  retro- 
grades romnd  the  larger,  apparently  in  an  elliptical  orbit,  in 
lySOOjcrs. 

The  third  is  the  beautifnl  doable  star  £  Bootes ;— which  pre- 
sents the  appearance  of  a  planet  and  its  satellite :  one  of  these 
stars  is  of  a  light  red  c<doar,  and  the  other  of  a  fine  bine.  The 
orbit  of  the  smaller  is  elliptical ;  and  it  performs  a  rerolution  in 
the  order  of  the  signs  in  1680  yrs. 

The  fimrtk  ^  Hercnlfs,  is  composed  of  a  greater  star  of  a 
beautifiil  blnish- white,  and  of  a  lesser  of  a  fine  ash  colour. 
The  latter  revolves  roond  the  former  in  an  orbit,  whose  plane 
is  nearly  parallel  with  the  line  of  observation.  In  April,  1803, 
if  was  nearly  hid  behind  the  larger. 

1^0  JiftK  i  Serpentis,  consists  of  a  larger  and  smaller,  the 
latter  revc^ving  round  the  former  in  875  yrs.  The  plane  of  the 
orbit  is  almost  at  right  angles  with  the  line  of  observation. 

The  9ixth  or  double  star  /  Virginis,  has  long  been  known  to 
astronomers.  The  stars  are  nearly  equal  in  size; — ^the  smaller 
eompletds  a  revolution  in  about  708 yrs. 

Besides  the  above  double  ^stars,  are  nebulous  stars>  which 
shew  a  ;dim,  hazy  light : — they  are  less  thikn  those  of  the  sixth 
magnitude ;  and  are,  consequently,  not  easily  distinguishable  by 
the  naked  eye. 

With  the  assistance  of  his  greatly  improved  telescopes^  Her- 
schel  eximined  every  part  of  the  milky- way ;  and  found  its 
brightness  to  be  caused  hy  multitudes  of  stars  at  too  great  a 
disteiice  to  be  seen  by  the  naked  eye.  Se  ascertained  that  it  is 
a  large  shoal  or  stratum  of  stars,  with  some  minor  branches. 
Thase  stars  it  Is  conjectured  are  all  or  most  of  them  suns; 
simSar  as  to  magnitude  and  other  circumstahces,  to  the  sun  at 
the  centve  of  our  system ;  so  that,  were  our  sun  viewed  from 
any  other  part  of  the  milky-way  he  would  appear  only  as  a 
sBudl  star  among  the  rest 

He  further  discoverd  that  all  the  stars  of  the  universe  are  in 
clusters.  The  extent  of  a  cluster  may  be  guessed  at  from  his. 
considering  the  shoal  of  the  milky  way  as  one  cluster,  whose 
extent,  in  one  direction  from  the  place  where  we  are  situated, 
is  not  less  than  900  times  the  distance  of  Sirius,  but  in  the 
opposite  direction,  considerably  less;  so  that  we  are  situated  at 
a  great  distance  from  its  centre. 

He  supposed  our  situation  in  this  cluster  to  be  about  four 
stars  deep  in  the  main  shoal,  near  where  a  minor  straliuii 
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branches  out  At  right  angles  to  the  most  extended  direction 
the  cluster  is  comparatively  narrow,  so  that,  when  the  sky  is 
examined  in  these  directions,  that  is,  out  of  the  sides  of  the 
milky-way,  the  bottom  of  it  appears  free  from  telescopic  stars, 
and  to  the  naked  eye  assumes  a  bright  blue.  Now  from  the 
circumstance  of  the  milky  way  nearly  surrounding  us,  but  not 
entirely  so,  it  is  reasonably  concluded  that  we  live  near  the 
outside  of  our  cluster;  perhaps  50  stars  from  the  nearest  point, 
while  the  naked  eye  can  only  reach  all  round  as  far  as  7;  con- 
sequently, without  the  help  of  glasses,  we  could  have  had  no 
conception  of  the  extent  of  our  cluster,  much  less  of  the  exis- 
tence of  others  quite  as  large. 

The  telescope  with  which  Sir  W,  Herschel  examined  some  of 
these  clusters,  enabled  him  to  see  6000  times  further  than  can 
be  seen  with  the  naked  eye,  or  as  far  as  stars  of  the  42,000th 
magnitude:  consequently,  he,  and  others,  have  discovered  not 
less  than  2500  clusters.  Yet  comparatively  speaking,  but  a 
small  part  of  the  heavens  have  been  examined;  for^  on  account 
of  various  circumstances  which  he  enumerates,  his  large  40 
feet  telescope  could  not  be  effectively  used  more  than  100 hrs. 
in  a  year;  and  allowing  only  a  moment  for  each  place,  it  would 
require  508  years  to  sweep  the  skies.  However  the  heavens 
are  now  divided  into  zones  or  portions;  and  each  party  of 
astronomers,  in  different  countries,  has  its  own  portion  as- 
signed; so  that  this  work  of  searching,  or  as  it  is  called  gauging 
the  skies,  proceeds  apace. 

•  These  clusters  when  viewed  with  telescopes  of  smaller  power 
present  the  appearance  of  luminous  clouds  or  small  patches  of 
the  milky  way ; — ^hence,  they  have  got  the  general  term  of  steAnla. 
Though  these  nebulae,  when  examined  with  telescopes  of  greater 
power,  generally  resolve  themselves  into  myriads  of  small 
stars;  yet,  it  is  not  always  the  case.  For  in  some  parts  of 
them  are  luminous  places  apparently  of  asriform  matter,  that 
seems  to  be  on  the  point  of  assuming  a  cometary  form;  each 
bright  spot  consisting  of  a  nucleus  with  a  vast  luminous  envelope. 
The  most  remarkable  of  these  is  in  the  great  nebula  of  Orion, 
(of  course  in  our  cluster),  and  is  not  farther  distant  than  start 
of  the  seventh  or  eighth  magnitude,  and  some  of  it  may  be  as 
near  as  stars  of  the  second  and  third  magnitude.  This  nebula, 
during  the  37yrs.  Herschel  made  observations  upon  it,  under- 
went great  alteration.  Similar  changes,  though  in  a  smaller 
degree,  have  been  observed  in  others,  (see  Chap.  XIY.  si.) 
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It  was  the  opinion  of  this  great  man,  that,  by  the  power,  which 
he  calls  the  clustering  power,  the  same  as  the  attraction  of  gra- 
ritatton,  all  the  stars  of  a  cluster  have  a  tendency  to  draw  nearer 
to  each  other;  though  not  to  one  common  centre,  but  to  the 
formation  of  smaller  clusters.  Some  clusters  that  he  examined 
are  twice  as  much  condensed  as  our  cluster ;  but  even  in  it,  he 
says,  it  is  not  difficult  to  point  out  the  commencement  of  2  or 
300  smaller  dusters.  Hence,  there  is  ground  for  conjecture, 
that  now  and  then  it  may  be  necessary  for  the  great  Architect, 
who  builds  and  keeps  the  whole  in  repair,  to  annihilate  particu- 
lar stars  that  approach  too  near  to  others,  for  the  preservation 
of  the  whole ;  just  as  a  well  regulated  government  removes  a 
ootorious  offender  against  the  general  safety :  and  that,  after 
many  ages,  they  may  all  rush  into  a  heap.  "  When  the  hea- 
vens shall  pass  away  with  a  great  noise,  and  the  elements  shall 
melt  with  fervent  heat,  the  earth  also  and  the  works  that  are 
therein  shall  be  burnt  up." 

From  all  this,  it  is  evident^  that  our  sun  may  be  as  insignifi- 
cant a  star  as  the  least  we  can  see ;  and  that,  to  an  eye  which 
coold  grasp  the  whole  in  one  view,  it  might,  with  its  worlds,  be 
annihilated  without  its  making  a  greater  chasm  in  the  universe, 
than  would  be  made  in  a  large  forest,  were  we  to  deprive  any 
one  tree  of  a  single  leaf. 

As  the  stars  of  the  universe  are  formed  into  clusters;  each 
•tar  having  planets  revolving  round  it,  and  almost  each  planet 
its  satellites,  besides  comets  in  all  directions;  and  as  the  stars 
in  each  cluster  are  presumed  to  have  an  internal  motion  among 
themselves; — there  is  reason  to  suppose  that  each  cluster  may 
have  some  kind  of  a  planetary  motion  round  some  centre  of  its 
own,  where  the  great  Ruler  of  the  whole  may  have  a  more 
peculiar  mansion.  So  that  as  the  sun  in  the  centre  of  our 
system  seems  to  be  stationary,  reigning  in  the  full  majesty  of 
splendor,  and  beholding  the  earth  and  the  other  planets  with 
their  satellites,  as  well  as  the  blazing  comet  encircle  its  throne ; 
so  may  the  King  of  systems  reign  in  the  midst  of  this  fountain  of 
glory;  and  behold  each  cluster  containing  millions  of  suns  with 
their  worlds  encircle  His  throne.  And  as  we  are  assured  the 
eternal  Creator's  works  are  infinite,  the  throne  of  His  most  ex- 
alted glory  may  not  rest  here ;  but  this  system  of  clusters  may 
be  only  secondary  to  another,  as  much  greater  in  comparison, 
•8  this  is  greater  than  our  solar  system  ;  and  thus,  the  scale  of 
*  being  may  rise  in  infinity  :— *«  Great  and  marvellous  are  thy 
worb  Lord  God  Ahnighty!!!"  . 

L 
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Gravitation  of  the  Terrestrial  Mass. 


>  The  MODincATioNS  of  Attraction.  2.  The  Cbntrb  of  Gravity.   3.  Tiu 

THREE   GRAND  DIVISIONS   OF  THE   TERRESTRIAL    MaSS.       4.  VARIATION  Of 

Gravity  caused  by  the  spheroidal  shape  of  the  Earth,  and  its  cen- 
trifugal FORCE.  5.  Theory  of  Tides.  6.  Motion.  7.  Momentum  and 
imparted  Motion.  8.  The  Mechanic  Powers.  9.  Specific  Gravity. 
10.  Gravitation  of  Fluids.  U.  The  Motion  of  Fluids  as  caused  by 
THE  Gravitation  of  the  Atmosphere. 


1.    MODIFICATIONS  OF  ATTRACTION. 

Having  related  what  is  known  respecting  that  portion  of  the 
universe,  which  is  subject  to  the  scrutiny  of  man;  and  described 
the  bodies  which  compose  the  solar  system,  as  well  as  their  mo- 
tions ;  our  attention  will  henceforth  be  principally  confined  to 
the  small  planet  we  inhabit.  We  shall,  first,  consider  it  as  a 
mass  of  matter  composed  of  very  heterogeneous  materials ;  all 
of  which  are  moulded  into  a  spherical  shape,  by  that  one  great 
principle  called  attractum.  As  this  universal  principle  is  the 
great  band  of  nature  that  holds,  not  only  the  planets  in  their 
orbits,  and  moulds  them  into  spheres ;  but  also,  causes  a  drop 
of  rain  to  assume  a  spherical  shape,  at  the  same  time  that  it 
gravitates  towards  the  earth — its  energy  must,  therefore,  appear 
under  a  variety  of  forms : — all  of  which  have  a  peculiar  de- 
signation. 

When  it  is  spoken  of  as  holding  the  planets  in  their  orbits,  it 
is  called  planetary  attraction.  If  of  moulding  them  into  spheres, 
attraction  of  o^^re^a/iofi ;  which  is  also  extended  to  all  their 
component  materiab;  and  may  be  e::amplified  as  existing  in 
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^/inr  states ; — 9olid,  in  stone;  $oft,  in  jelly;  Kquid,  in  water;  and 
gateouM,  in  air.  But  if  we  refer  to  that  power  which  prevents 
the  particles  of  any  substance  from  being  easily  separated,  as  a 
itone,  a  piece  of  wood,  Indian-rubber,  or  ice : — it  then  takes 
the  name  of  attraction  of  cohetUm.  When  we  speak 'of  a  body 
being  raised  into  the  air,  and  then  descending  by  its  own  weight 
towards  the  earth; — the  power  that  causes  it  to  descend  is  called 
the  attraction  of  cavitation.  When  two  leaden  bullets  are 
scraped  bright,  and  firmly  pressed  together ;  or  when  two  flat 
and  very  smooth  surfaces  are  applied  to  each  other,  they  will 
firmly  adhere : — and,  in  this  case,  the  conjoining  power  is  called 
the  attraction  of  adhesion.  If  a  piece  of  lump-sugar,  a  bundle 
of  small  withs,  a  piece  of  cotton  in  the  form  of  a  candle-wick, 
two  panes  of  glass  held  nearly  together,  or  a  glass  tube  with  a 
bore  no  thicker  than  a  hair,  be  placed  with  one  end  in  a  basin  of 
water ;  the  water  will  be  seen  to  ascend  in  them  considerably 
above  the  surface  of  that  in  the  basin  : — this  is  called  capiUary 
attraction.  There  are  also  the  magnetic  and  electric  attractions; 
and  another  that  takes  place  only  between  the  original  particles 
of  which  any  substance  is  composed  : — it  is  called  the  attraction 
of  composition,  or  chemical  attraction. 

But  however  attraction  may  develope  its  operations,  whether 
in  wielding  a  comet,  moulding  a  drop  of  rain,  bringing  it  to  the 
earth,  binding  the  particles  of  a  flinty  pebble  together,  lifting  it 
with  the  adhesion  of  bird-lime,  causing  the  melted  tallow  to  as- 
cend to  the  flame  along  the  wick  of  a  candle,  the  needle  to  cling 
to  a  loadstone,  two  electrified  bodies  to  approach  each  other,  or 
the  water  with  which  morter  is  cemented  in  a  wall  to  become 
as  dry  as  dust : — still  it  is  the  self-same  principle,  and  all  these 
but  its  various  modifications. 

2.   CBNTRB  OF  GRAVITY. 

It  was  stated  Chap.  IV.  s.  10.,  that  all  things  are  attracted, 
or,  are  made  to  gravitate  towards  the  earth's  centre ;  but  in  say- 
ing so,  we  do  not  mean  that  there  is  any  thing  placed  thereat, 
which  possesses  the  power  called  attraction  in  a  higher  degree 
than  any  other  of  the  materials  composing  the  earth.  Attrac- 
tion is  inherent  in  all  matter ;  and  as  much  so,  in  that  at  the 
earth's  surface  as  in  that  at  its  centre.  A  drop  of  any  liquid 
always  assumes  a  spherical  shape.  The  whole  mass  of  the 
earth  we  suppose  to  have  been  at  some  time  in  a  fluid  state,  at 
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wMch  period  it  assumed  its  sphericity.;  Mid  in  proeess  of  time 
became  solidiBed  in  that  shape. 

A  plamb  line,  kt  dawn  bj  the  side  of  a  monntainons  preci- 
pice, wiU  decline  from  perpendicularity  towards  the  precipice ; 
or,  if  a  leaden  weight  and  200  yards  of  packthread  be  put  into 
each  scale  of  a  balance,  so  that  Uieir  weights  be  equal;  and  one 
of  the  weights  be  afterwards  let  down  200  yards  into  the  shaft 
of  a  coal-mine,  and  suspended  by  the  other  end  of  the  packthread 
to  its  scale, — it  will  be  found  diminished  in  weight:  being  partly 
suspended  by  the  attraction  of  the  earth  above,  as  well  as  palled 
downwards  by  that  belonr.  These  prore  that  the  earth's  centre 
of  gravity  is  merely  the  centre  of  its  mass. 

It  is  therefore  found  that  the  gravitating  power  is  tite  gpreatest 
at  the  earth's  surface ;  and  on  this  principle  it  is  calculated, 
that  a  pound  of  lead  at  half  way  between  the  surface  and  the 
centre  would  weigh  but  half  a  pound ;  and  at  the  centre  nothing. 
And  the  same  diminution  of  the  gravitating  power  takes  place 
fibove  the  surface ;  hut  as  it  is  not  limited  in  this  direction,  as  it 
is  at  the  centre  of  attraction,  the  diminution  varies  according  to 
the  following  scale. 


At  the  earth's  centre  0  - 

1000  miles  distant  . .  |  lb. 

2000  Do i  - 

3000  Do.  ......  .,4.  i  ' 


4000  Do.. or  surface  1  lb. 
6000  Do I  - 

8000  Do.  •••:.•••  i  - 

i    . 
T 


12000  Do.         ^ 


As  attraction  is  what  holds  the  earth  together^  so  does  it  act 
in  every  body,  whether  great  or  small,  with  a  force  propor- 
tionate to  the  mass.  Hence,  every  body  at  the  earth's  surface 
will  have  its  centre  of  gravity  balancing  all  parts  upon  a  line, 
called  the  line  of  direction,  from  that  centre  to  the  earth's  centre; 
just  as  the  e^irth  is  balanced  on  a  line  passing  from  its  centre  of 
gravity  to  that  of  the  sun,  which  line  is  in  the  plane  of  the 
earth's  orbit. 

If  an  irregular  body,  such  as  a  piece  of  deal  board,  be  loosely 
suspended  by  a  comer  on  a .  pin,  from  which  a  plumb-line  is 
depending ;  the  centre  of  gravity  of.  the  board  will  be  in  the 
direction  of  the  line :  and  if  the  board  be  agaip  ixung  by  another 
comer,  the  centrf^  of  gravity  will  sti)l  be  in  the  direction  of  the 
same  line ;  and  where  these  two  lin^s  intersect  each  other  is  the 
octroi  point.  On  this  point,  then,  it  may  be  suspended ;  and 
whatever  way  turned  it  will  remain  at  rest : — its  parts  being  all 
balanced  thereat. 
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If  a  person  would  balance  a  stiok  across  his  finger,  the  centre 
of  gravity  of  the  stick  must  be  on  the  very  summit  of  his  finger. 
Shoold  the  stick  be  uniform  from  end  to  end,  at  the  exact  half 
length  will  be  its  centre  of  gravity ;  but  should  it  not,  the  cen- 
tral point  will  be  nearer  the  thick  end  than  the  small. 

The  whole  weight  of  any  body  being,  as  it  were,  condensed 
at  the  centre  of  gravity ;  if  this  point  be  duly  supported,  that  is, 
if  the  line  of  direction  pass  within  the  base,  on  which  that  body 
stands,  the  whole  will  be  at  rest ;  but  if  not,  it  will  fall  the 
nearest  way  to  the  ground. 

Place  a  piece  of  wood  A  B  C  D,  Fig.  14.  on  the  edge  of  a 
table ;  and  from  its  central  point  a  suspend  upon  a  pin,  a  small 
weight  with  a  piece  of  thread,  which  will  represent  the  line  of 
direction  a  b.  Should  this  line  be  within  the  base  A  B,  the 
piece  of  wood  will  stand ;  but  if  not,  it  will  fall.  Should  it  be 
within  the  base,  and  we  place  another  piece  of  wood  D  C  £  F 
OB  the  top,  so  as  to  increase  the  elevation,  then,  the  central 
point  wiU  also  be  elevated  to  c ;  and  the  line  of  direction  c  d  will 
no  longer  be  within  the  base. 

Several  walls  and  towers  are  declining  so  much  from  perpen- 
dicularity, that  they  threaten  every  moment  to- fall;  yet,  because 
the  line  of  direction  is  within  their  base,  they  stand  firmly,  and 
wiU  ever  do  so  while  their  materials  hold  together. 

The. lower  the  centre  of  gravity,  the  more  firmly  will  a  body 
stand ;  hence  the  danger  of  carriages  when  the  lading  is  high, 
or,  of  slage-coaches  with  luggage  on  the  top.  A  cart  loaded 
with  lead  could  hardly  be  so  placed,  as  to  have  its  litie  of  direc- 
tion fall  outside  the  wheek ;  but  one  loaded  with  hay,  having 
its  centre  of  gravity  at  a  considerable  elevation,  requires  much 
'Mure  to  keep  it  from  being  overturned.  This  shews  the  folly  of 
people  rising  in  a  boat  or  carriage,  that  is  likely  to  be  upset  or 
overthrown ;  for  by  so  doing  they  elevate  the  central  point  and 
greatly  increase  the  danger. 

The  act  of  standing  is  nothing  more  or  less  than  having  the 
body  in  such  a  position,  that  the  line  of  direction  may  pass 
widiin  tiiat  space  included  by  the  feet.  And  if  a  person  choose 
to  ImM  his  head  to  one  side,  an  equal  weight  of  his  body  tnusi 
incline  towards  the  other  side  of  the  line,  otherwise  he  witt 
immediately  fall.  The  broader  the  base,  and  the  nearer  to  its 
eenU«  is  the  line  of  direction,  the  more  firmly  does  a  body  rest: 
hence,  we  set  our  feet  apart  when  we  wish  to  stand  firmly  on 
our  guard.     In  short,  we  may  be  said  to  be  continually  turning. 
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Uke  as  many  weather-cocks,  upon  our  line  of  direction ;  since 
every  movement  we  make  has  a  reference  to  it 

Should  a  person,  while  standing  erect,  lift  this  hook  from  the 
tahle,  it  will  increase  the  gravity  on  one  side  of  the  central  line ; 
so  that  the  line  will  be  a  little  removed  from  the  point  where  it 
cut  the  ground  before  he  lifted  the  book ;  or,  a  corresponding 
weight  of  his  body  is  thrown  to  the  opposite  side  of  the  line  to 
counterbalance  the  book  and  keep  the  line  in  its  place.  Should 
this  not  be  done,  and  his  feet  be  close  together,  the  mere  weight 
of  this  book  would  throw  that  person  down.  It  is  frequently 
amusing  to  see  into  what  various  postures  men  put  their  bodies 
while  lifting  or  carrying  burdens,  or  even  on  the  most  trivial 
occasions,  as  rising  from  a  seat  or  sitting  down ;  all  to  keep  the 
central  line  of  their  bodies  and  burdens  together,  or  of  their 
bodies  only,  within  the  basis  formed  by  their  feet  and  step. 
And  it  is  no  easy  task  for  a  child  learning  to  walk,  to  learn,  at 
the  same  time,  to  keep  his  line  of  direction  within  the  basis  of 
his  small  supporters. 

The  rope-dancer  has  a  long  pole  with  a  heavy  knob  at  each 
end ;  the  centre  of  gravity  of  the  whole  is  marked  at  the  middle 
of  the  pole.  This  mark  he  keeps  nearly  over  the  rope ;  and, 
fixing  his  eye  steadily  upon  something  parallel  with  the  rope,  in 
his  bounds,  when  the  central  line  of  his  body  is  on  one  side  of 
the  rope,  he  puts  the  central  mark  of  his  pole  to  the  other  side; 
so  that,  the  central  line  of  direction  of  himself  and  pole  together 
may  be  still  at  the  rope.  The  general  equilibrist  proceeds  on 
the  same  principle,  depending  on  the  acuteness  of  his  eye  for 
the  perfection  of  his  art.  In  short,  a  great  many  of  the  opera- 
tions of  life  are  but  struggles  with  the  centre  of  gravity,  and 
principally  depend  on  counterbalancing  the  attraction  of  gravi- 
tation. 

3.  THE  THREE  GRAND  DIVISIONS  OF  THE  TERRESTRIAL 

MASS. 

The  earth  as  a  mass  may  be  considered  under  three  great 
divisions :  namely,  solid,  Jluid,  and  aeriform ;  or,  land,  water, 
and  air. 

The  iolid  part  may  be  called  the  nucleus,  around  which  the 
others  arrange  themselves.  On  account  either  of  its  diurnal 
motion,  or  its  being  under  the  influence  of  the  attraction  of  the 
sun  and  moon,  at  the  time  of  the  earth's  passing  from  a  fluid  to 
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a  solid  state,  ft  became  flatted  at  the  poles ;  so  that,  the  centre 
of  gravity  is  not  at  an  equal  distance  from  all  parts  of  its  surface. 

Nor  is  its  surface  whole  and  uniform.  Some  time  after  the 
nacleus  had  become  solidified,  the  whole,  or  at  least  the  exter- 
nal part,  seems  to  have  undergone  more  than  one  revolution ; 
which  have  occasioned  it  to  be  in  a  very  confused  and  hetero- 
geneous state,  with  respect  to  the  disposition  of  its  materials ; 
and  have,  also,  left  the  surface  very  uneven.  In  fact  it  is  all 
over  beset  with  indentations,  cavities,  broken  precipices  and 
protaberances.  Yet,  these  very  little  impair  the  general  rotun- 
dity; since,  they  are  no  more,  measuring  from  the  deepest 
cavity  to  the  highest  eminence,  than  8  or  10  miles ;  half  of  which 
space  is  filled  with  water : — whereas  to  the  centre  is  4000  miles. 
Such  unevenness  is,  therefore,  no  more  to  the  earth's  general 
rotundity,  than  the  little  prominences  of  the  rind  are  to  that  of 
an  orange.  The  whole  of  this  mass  is  so  compressed  and  fas- 
tened together  by  the  attraction  of  aggregation  and  cohesion, 
that  it  has  been  demonstrated  to  weigh  five  times  as  much  as  an 
equal  balk  of  water. 

The  Jiuid  part  or  water  extends  over  about  two-thirds  of  the 
nucleus.  The  nearer  any  part  of  the  earth's  surface  is  to  the 
centre  of  gravity,  the  greater  is  the  attraction  of  gravitation ; 
consequenUy,  it  will  be  greater  in  the  cavities  than  on  the  pro- 
minences ;  and  water,  not  being  under  the  power  of  attraction 
of  oohesion,  and  its  parts  rolling  loosely  over  each  other,  there- 
fore, seeks  and  gains  possession  of  these  cavities.  Bere  then, 
by  the  power  of  aggregation,  it  would  remain,  were  it  not  for 
other  causes,  as  firmly  at  rest  as  any  of  the  solid  materials. 
But  the  attractions  of  the  sun  and  moon  are  continually  at  war 
with  this  attraction  of  aggregation,  and  partly  remove  the  water 
from  the  place  nearest  the  centre ;  consequently,  this  motion 
and  the  return  of  the  water,  together  with  the  motion  caused  by 
the  wind,  keep  the  ocean  in  continual  agitation.  Another  dis- 
turbing cause  is  the  heat  of  the  sun,  which  occasions  the  water 
to  ascend  as  vapour ;  and  in  the  form  of  clouds  to  spread  over 
the  prominences  of  the  nucleus,  whereon  it  descends  in  rain, 
and  is  thence  returned  by  the  rivers  to  the  lowest  cavities,  or 
places  nearest  the  centre  of  gravity. 

As  the  water  thus  embraces  the  earth,  we  must  consider  the 
surface  of  the  ocean,  notwithstanding  these  little  agitations,  as 
every  wheYe  at  an  equal  distance  from  the  central  point  of  gra- 
fitj^ ;  and,  consequently,  forming  so  much  of  the  surface  of  a 
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sphere.  So  likewise  inland  pools  of  water  are  portions  or 
patches  of  a  spherical  surface ;  though  each  one  differs  as  to 
the  radius  of  its  sphere  according  to  its  elevation  ahove  the  sur- 
face of  the  sea.  On  this  principle,  the  surface  of  no  portion  of 
water  however  small  can  be  said  to  be  mathematically  flat,  or  a 
perfect  plane ;  since,  it  is  a  portion  of  the  surface  of  the  cir- 
cumference of  a  sphere,  whose  centre  is  the  centre  of  the  earth. 
A  lake  of  two  miles  diameter  will  ha? e  its  centre  raised  8  inches 
above  its  edges. 

Hence,  it  is  evident,  that  was  any  disturbing  cause,  as  the  too 
near  approach  of  a  comet,  to  remove  the  earth's  centre  of 
gravity  from  its  present  place,  the  ocean  would  immediately 
change  its  bed.  For  instance  :  were  the  central  point  removed 
one  or  two  miles  nearer  to  the  north  pole ;  not  only  the  low- 
lands, but  all  the  mountains  of  the  northern  hemisphere  would 
be  submerged  beneath  the  ocean ;  while  the  small  islands  now 
in  tiie  southern  ocean  would  become  the  summits  of  new  Alps 
and  Apennines ;  and  the  bottoms  of  the  shallow  seas  would  be 
shortly  converted  into  fertile  plains.  In  this  manner  have  some 
endeavoured  to  account  for  the  great  Deluge;  and  on  this 
principle  we  found  our  theory  of  Tides. 

The  arijorm  division  of  o«nr  planet  is  the  atmosphere  that  en- 
velopes the  whole.  It  is  composed  of  a  mixture  of  gases,  whose 
proportions  and  properties  will  be  hereafter  described.  Consi- 
dered as  a  part  of  the  earth,  its  peculiar  distinctive  quality  ia^  its 
expansive  force.  For,  though  it  gravitates  like  the  other  com- 
ponent materials  of  the  earth ;  yet,  such  is  the  repulsive  pro- 
perty of  those  principles  to  which  it  owes  its  existence  as  air, 
that,  in  its  being  piled  around  the  earth,  we  can  set  no  definite 
limits  to  its  extent ;  though  it  is  found  at  the  height  of  46  miles 
to  be  so  thin  as  to  cause  no  refraction  of  the  sun's  rays.  This 
body  of  air,  gravitating  towards  the  earth's  centre,  rests  upon 
its  sur&ce ;  and  as  the  particles  of  which  it  is  composed  are 
inconceivably  small,  it  penetrates  every  chink  or  cranny  not 
occupied  by  water ;  so  that,  no  place  around  the  earth  can  be 
said  to  be  empty,  since  it  must  be  filled  with  air. 

A  pint  of  atmospheric  air  taken  at  the  earth's  surface,  that  is 
on  a  plain,  weighs  about  9  grains ;  or  13  cubic  feet  weighs  about 
one  pound  avoirdupois ;  but  if  taken  at  the  bottom  of  a  deep  pit 
it  weighs  tMfrei  and,  if  on  a  high  mountain,  considerably  ifOt. 
This  variation  arises  from  its  being  piled  up,  so,  that  the  lower 
part  is  compressed  by  what  is  above ;  in  the  same  manner,  as  a 
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few  light  bnndles  of  wool  or  tufU  of  cotton  are  compressed 
when  piled  one  upon  another.  Taken  at  a  medium,  it  is  ascer- 
tained to  press  upon  the  earth's  surface  with  a  force  equal  to 
15lb.  to  every  square  inch.  On  this  principle  it  is  calculated* 
that  the  whole  of  the  atmosphere  is  equal  in  weight  to  a  solid 
globe  of  lead  of  about  60  miles  diameter. 

This  body  of  air  must  be  considered  as  much  a  component 
part  of  the  earth,  or  of  our  planet  as  the  ground  we  tread  upon ; 
and  though  it  is  so  rery  thin  at  its  utmost  limits,  it  moves  sdong 
with  the  earth  as  little  incommoded,  either  by  the  diurnal  or 
annual  motion,  as  any  of  the  other  materials.  For  we  are  to 
consider,  that  beyond  the  limits  of  the  atmosphere  is  mere 
vacuum.  It  can,  therefore,  have  no  impediment  from  friction ; 
and,  being  under  the  immediate  influence  of  the  earth's  attrac- 
tion, it  is  but  little  disturbed  by  the  distant  attraction  of  the 
heavenly  bodies. 

4.   VARIATION  OF  GRAVITY  CAUSED  BY  THE  SPHEROIDAL 
SHAPE  OF  THE  EARTH  AND  ITS  CBNTRIFUOAL  FORCE. 

The  true  figure  of  the  earth  is  an  oblate  spheroid ;  that  is,  it 
is  a  little  flatted  at  the  poles  like  an  orange : — the  equatorial 
diameter  being  34  miles  longer  than  the  axis.  Now  as  the  cen- 
tre of  the  earth  is  the  point  towards  which  all  bodies  gravitate ; 
and  with  respect  to  bodies  at  or  ahcve  the  surface,  the  nearer 
the  centre  the  greater  the  gravitating  power ;  consequently,  a 
body  at  either  of  the  poles,  will  weigh  more  than  it  would  do  at 
the  equator.  Thi»  is  ascertained  by  the  vibration  of  the  pen- 
dulum. By  the  attraction  of  gravitation,  pendulums  of  equal 
lengths  vibrate  in  equal  times,  whether  the  weights  and  oscilla- 
tions be  great  or  small.  The  greater  the  gravitating  power,  the 
fiaster  a  body  falls  to  the  ground ;  consequently,  the  greater  the 
attraction  of  gravitation  of  any  particular  place,  the  quicker 
will  the  pendulum  vibrate  at  that  place ; — also  the  shorter  the 
rod  of  the  pendulum,  the  quicker  the  motion. 

Now  it  is  found  that  if  a  pendulum  of  230  vibrate  in  a  cer- 
tain time  at  the  pole ;  because  the  gravitation  at  the  equator  is 
less  than  at  the  pole,  it  requires  a  pendulum  thereat  of  only  229 
to  vibrate  in  the  same  time.  Therefore,  the  equatorial  diameter 
is  to  the  polar  as  230  to  229;  which,  being  reduced,  makes  a 
difference  of  about  34  nules. 

A  pendulum  to  vibrate  seconds  in  the  latitude  of  London 
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must  be  39^  inches ;  but  at  the  equator  only  30^.  One  to 
vibrate  only  half-seconds,  mast  be  only  a  quarter  of  that  length; 
and  one  to  yibrate  once  in  two  seconds,  four  times  the  length  of 
the  one  vibrating  seconds. 

Ai  the  earth  revolves  on  its  axis,  the  centrifugal  force,  as 
caused  by  the  diurnal  motion,  also  diminishes  the  power  of 
gravitation.  This  effect  is  greatest  at  the  equator,  decreasing 
as  the  degrees  of  latitude  increase,  and  ceasing  entirely  before 
we  reach  the  pole.  The  earth  revolving  on  its  axis  in  24hrs., 
every  point  on  its  surface,  except  its  two  poles,  will  describe  a 
circle  in  that  time.  Now  as  the  circumference  of  the  earth  is 
24030  miles,  a  body  at  the  equator  A  B  Fig.  8,  will  move  through 
this  space  in  24hrs.;  which  is  about  17^  miles  per  minute.  In 
the  latitude  of  London,  C  D,  it  will  be  carried  at  the  rate  of 
about  lOi  miles  per  minute,  while  at  a  degree  from  the  poles  it 
will  not  pass  through  more  than  one-third  of  a  mile  in  that 
time.  Thus :  while  a  body  at  the  equator  is  hurried  forward  at 
the  above  rapid  rate,  one  near  the  poles  is  comparatively  at  rest 
The  tendency  to  fly  off  musf  be,  therefore,  very  dispropor- 
tionate. It  is  calculated  that  the  weight  of  bodies  is  thereby 
diminished  in  the  proportion  of  280  to  288 ;  and  that,  if  the 
diurnal  motion  of  the  earth  were  17  times  more  rapid  than  it  is, 
the  centrifugal  force  would  so  far  counterbalance  the  power  of 
gravitation,  that  bodies  at  the  equator  would  entirely  lose  their 
weight ;  and  if  the  velocity  of  the  earth's  motion  were  still  more 
accelerated,  they  would  all  fly  off. 

Newton  demonstrated  that  a  homogeneous  fluid  of  a  mean 
density  with  the  earth  and  of  the  same  extent,  revolving  on  its 
axis  in  23hrs.  56min.  4sec.  would,  in  order  that  all  its  parts 
might  be  in  equililnio,  assume  the  figure  of  an  oblate  spheroid, 
having  the  axis  to  the  equatorial  diameter  as  288  to  280.  It 
was  on  this  principle  that  he  determined  the  figure  of  the  earth 
in  opposition  to  Cassini,  and  gave  occasion  to  the  mission  of  the 
French  philosophers.  (See  Chap.  II.  s.  14).  But  later  philo- 
sophers  have  discovered,  that  th^  mass  of  the  earth  is  not  homo- 
geneous, that  its  centre  of  gravity  is  not  exactly  at  the  centre 
of  its  mass ;  and  that  its  diameters  are  as  220  to  230  as  a1>ove 
stated. 

6.  THEORY  OF  TIDES. 

The  attractions  of  the  sun  and  moon  are  continually  strug- 
gling with  the  earth's  attraction  of  aggregation^  and  causing,  as 
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it  were,  a  dilation  of  its  central  point  of  gravity  into  a  line ; 
which,  consequently,  reyolves  upon  the  earth's  axis  and  thus 
occasions  the  tides. 

That  the  tide  on  the  side  of  the  earth  next  the  moon  should 
be  caused  by  the  moon's  attraction,  we  can  easily  enough  con- 
ceive ;  because,  we  suppose,  though  perhaps  erroneously,  that 
the  lunar  action  merely  gathers  the  waters  into  a  heap.  But 
we  cannot  so  easily  conceive  how  the  tide  in  the  other  hemi- 
sphere is  occasioned,  since  the  reaction  of  the  waters  will  not 
sufficiently  account  for  its  regularity.  What  is  apt  to  mislead 
our  notions  in  this  respect,  is,  the  want  of  being  reminded,  that 
the  moon's  attraction  does  not  act  upon  the  waters  in  the  man- 
ner of  her  light,  that  is,  just  penetrating  a  little  beneath  its  sur- 
face : — it  extends  to  the  most  distant  particles  of  the  terrestrial 
mass  as  if  nothing  intervened.  Thus :  the  action  of  the  moon 
IB  as  great  at  d,  Fig.  10,  as  at  e,  (making  a  smaU  allowance  for 
its  being  at  a  greater  distance  from  the  moon  by  all  the  length 
of  the  earth's  diameter).  Now  the  earth  attracts  the  moon 
equally  as  much  as  the  moon  attracts  the  earth ;  and,  therefore, 
the  moon's  effect  upon  the  earth  is  an  increase  to  the  attraction 
of  aggregation  in  each  direction  along  the  line  ed;  which,  as  to 
disturbing  the  waters,  will  have  the  same  effect  as  if  the  earth's 
central  point  of  gravity  was  removed  to  a,  on  one  side  of  the 
centre  of  its  mass,  and  to  6  on  the  other  side ; — as  it  were, 
dilating  the  centre  of  gravity  along  the  line  M  B.  Therefore, 
the  waters  will  subside  each  way  from  the  points  /  and  y ;  an,d 
rise  towards  the  points  e  and  d. 

The  same  may  be  shewn  of  the  sun's  attraction;  consequently, 
at  the  conjunction  and  opposition  of  the  moon,  the  two  powers 
acting  in  the  .same  line,  the  dilation  of  gravitation  will  extend 
beyond  the  points  a  and  b,  and  produce  the  spring  tides ;  but  at 
the  quadratures,  the  sun  will  dilate  the  centre  of  gravity  in  the 
direction  of /and  g ;  and  as  this  dilating  power  is  a  deduction 
of  that  of  the  moon — the  moon's  on  these  occasions  will  not 
reach  a  and  6,  and  thus  we  shall  have  the  neap  tides. 

We  are  next  to  suppose  the  mutual  attraction  of  the  sun  and 
moon  to  form  the  frustrum  of  a  cone  : — the  moon  being  at  the 
smaller  end,  and  the  earth  at  the  larger.  This  disturbing  power 
of  the  earth's  attraction  of  aggregation  will,  therefore,  converge 
from  the  Une  /  g  towards  e ;  but  diverge  from  the  same  line 
towards  d; — so  that  the  water  will  rise  higher  towards  e  than 
towards  d; — and  as  e  has  also  an  increase  of  elevation  from  its 
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being  nearer  the  moon  than  d,  by  all  the  length  of  Ihe  earth's 
diameter,  consequently  as  we  stated  Chap.  III.  a.  9. — the  tide 
of  attraction  must  be  greater  than  the  tide  of  reaction. 

We  have  another  phenomenon  of  the  tides  which  we  believe 
has  never  yet  been  accounted  for.  The  tides  do  not  rise  to  so 
great  a  height  directly  under  the  moon,  or  in  the  line  of  direc- 
tion, as  at  about  one-third  of  the  distance  from  it ;  and  the 
time  of  high  water  in  the  line  of  direction  ia  not  less  than  about 
an  hour  and  a  half  after  the  moon  has  passed  the  meridian ;  two 
hours  after  she  has  passed  the  meridian  at  one- third  of  the  dis- 
tance ;  at  about  half  the  distance,  three  hours ;  and  at  the  poles 
five  or  six  hours.  But  it  is  the  first  instance  that  we  particu- 
larly refer  to,-- for  on  its  explanation  the  others  depend. — ^As 
we  have  supposed  a  dilation  of  the  earth's  centre  of  gravitation 
revolving  on  the  earth's  axis,  though  never  at  right  angles  to  it, 
except  when  the  moon  is  on  the  equator,  this  disturbance  of  the 
gravitating  power  must  move  along  the  earth's  surface,  at  least 
along  the  equator;  with  a  velocity  of  1000  miles  per  hour.  Now 
it  appears  that  the  current  of  the  tides  never  moves  with  a  velo- 
city of  more  than  from  5  to  10  miles  per  hour— the  motion  of 
the  waters  must  therefore  be  left  far  behind  the  moon's  attrac- 
tion. But  in  the  latitude  of  London,  the  velocity  of  the  moon's 
attraction  is  only  about  600  miles  per  hour ;  if,  therefore,  the 
attraction  is  not  so  great  at  London  as  at  the  equator,  the  time, 
the  moon's  action  is  continued  upon  the  waters  more  than 
counterbalances  its  deficiency ;  and,  therefore,  the  waters,  having 
a  longer  time  to  rise  in,  will  attain  a  greater  momentum. 

But  we  have  not  yet  taken  into  consideration  the  effect  that 
the  earth's  diurnal*  rotation  has  upon  the  waters.  If  the  solar 
and  lunar  attractions  affect  the  earth's  centre  of  gravitation,  re- 
moving it  from  the  central  point  of  its  mass,  it  must  partly  sus- 
pend the  water,  and  as  the  earth  goes  eastward,  must  cause  it  to 
have  a  westerly  motion ; — in  other  words,  to  be  left  behind  the 
solid  nucleus.  But  as  the  velocity  of  the  attraction  is  much 
greater  than  that  of  the  water, — the  water  is  soon  left  to  pursue 
its  easterly  course  after  the  nucleus  in  search  of  its  leveL  In 
most  places,  then,  the  tides  must  be  a  compound  of  two  currents. 
In  the  moon's  path  round  the  earth  these  currents  will  be  par- 
allel, but  in  opposite  directions — they  will  therefore  tend  to 
neutralise  each  other ;— Ksonsequently,  the  tides  will  not  rise  so 
high  as  at  a  distance  from  the  moon'sf  path,  where  they  will  form 
a  considerable  angle : — that  current  following  the  moon  in  north 
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ktitade  having  a  south-westerly  motion ;  and  the  other,  being  a 
subsidence  from  the  equatorial  regions,  a  northerly  direction. 
The  time  of  high  water  will  be  at  the  moment  of  the  water's 
return,  or  at  the  conflict  of  the  two  currents ;  and  as  this  will 
sooner  commence  in  the  moon's  path  than  at  a  distance,  so  the 
time  of  high  water  will  be  proportionably  earlier. 

There  is  another  phenomenon  of  the  tides  we  have  not  yet 
adverted  to  :  viz.  the  large  spring-tides  which  take  place  at  the 
equinoxes.  As  the  earth's  equatorial  diameter  is  longer  than 
the  polar,  the  velocity  of  the  united  attractions  of  the  sun  and 
moon,  when  at  the  equator  must  be  greater  than  when  near  the 
tropics ;  and,  therefore,  according  to  our  theory  these  spring- 
tides should  be  the  least  instead  of  the  greatest  But  as  the 
earth's  centrifugal  force  diminishes  the  weight  of  bodies  at  the 
equator,  and  this  loss  of  weight  not  being  occasioned  by  a  dimi- 
nution of  the  earth's  gravitation,  but  a  tendency  in  the  bodies  to 
fly  off — it  will^  occasion  a  rise  of  water  towards  the  tropical 
regions, — the  central  line  of  convergence  being  along  the  equa- 
tor. When  the  united  attractions  of  the  sun  and  moon  are  at  a 
distance  from  the  summit  of  this  ridge,  as  they  are  when  at  the 
tropics,  they  will  counteract  the  convergency  of  the  waters. 
But  when  they  are  at  the  equator,  they  will  augment  it.  Besides, 
though  the  attraction  at  the  earth's  surface  is  less  at  the  equator 
than  at  the  poles,  being  farther  from  the  central  point  of  gravity ; 
yet,  the  effect  is  contrary  with  respect  to  the  disturbing  force 
of  the  sun  and  moon.  For,  as  there  is  a  greater  accumulation 
of  matter  along  the  equator,  their  effect  upon  the  earth  will  be 
greater  when  at  the  equator  than  when  at  the  tropics :  hence, 
the  spring  tides  will  be  the  least  at  the  solstices  and  the  greatest 
at  the  equinoxes. 

However,  there  is  yet,  perhaps,  a  more  powerful  cause.  The 
spring  tides  do  not  attain  their  maximum  till  the  second  or  third 
day  after  the  conjunction  or  opposition ;  hence  we  may  con- 
clude that  the  tides  depend  a  great  deal  upon  the  oscillation  of 
tiie  waters.  Now  when  the  sun  and  moon  are  at  the  tropics, 
for  instance  at  the  tropic  of  Cancer,  the  tide  of  attraction 
will  encircle  the  earth  at  the  twenty-third  or  twenty-fourth 
degree  of  north  latitude;  and  the  tide  of  reaction  neair  the 
same  parallels  of  southern  latitude;  their  oscillation  or  ac- 
quired momentum  will  consequently  be  about  47  degrees  asun- 
der ;  and  will,  therefore,  if  they  do  not  tend  to  destroy jsach 
other,  very  little  augment  each  other's  force.    But  when  the 
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two  lominaries  are  at  the  eqaator*  the  oscillations  of  both  tides 
will  act  together,  or  form  bat  one  yibration,  the  momentum  will, 
therefore,  be  much  increased ;  and  this  united  with  the  above 
augmentation,  will  greatly  exceed  the  diminution  caused  by  the 
velocity  of  the  luminaries,  and  thus  overcome  what  at  first 
seemed  an  objection  to  our  theory. 

There  might,  perhaps,  be  other  objections  started,  if  we  were 
to  investigate  all  the  irregularities  of  the  tides  as  caused  by  the 
interposed  continents ;  but  we  presume  they  might  be  as  easily 
overcome ;  and  it  would  greatly  exceed  oar  limits  to  examine 
each  one  separately. 

There  is  a  kind  of  tides  called  "  counter-tides,"  which  are  said 
to  be  occasioned  by  **  the  pressure  of  black  clouds  :" — this  sub- 
ject, therefore,  belongs  to  our  electro-chemical  department,  and 
depends  upon  what  we  have  denominated  uncombined  electri- 
city. Now  as  we  have  supposed  magnetism  to  depend  on  the 
electric  energies,  and  as  the  approach  of  the  sun  and  moon 
towards  the  magnetic  meridian  is  found  to  afiect  the  magnetic 
needle,  we  have  ground  for  the  conjectuire,  that  the  tides 
may  be  also  in  some  measure  affected  by  electrical  causes. 
This,  with  some  of  the  causes  which  we  have  developed  in  the 
above  theory,  may  perhaps  constitute  what  compelled  Sir  I. 
Newton  to  admit,  that,  as  the  movements  of  the  seas  all  over 
the  globe  do  not  correspond  with  the  phases  of  the  moon,  '*  in 
the  periodical  return  of  the  tides  there  must  be  some  other  mixed 
cause  hitherto  undiscovered.'' 

6.   MOTION. 

Motion  is  the  continued  and  successive  change  of  place  of 

.  any  body ;  and  originally  depends  upon  two  causes ;  namely, 

attraction  and  repulsion.     From  these  two  sources  of  motion 

three  primary  laws  are  deducible,— one  imaginary   and  two 

positive. 

The^rs^,  or  imaginary  one  is  built  upon  the  supposition  of  ^ 


*  The  want  of  permanency  in  the  obliquity  of  the  ecliptic  is  ascribed  to  the 
muted  action  of  the  smi  and  moon  upon  the  mass  of  matter  in  the  equatorial 
regions.  This  obliquity  diminishes  at  the  rate  of  about  half  a  second  erery 
year,  (see  page  35).  Was  it  to  proceed  for  the  space  of  164,000  years,  the 
variation  of  summer  and  vrinter  would  cease ;  but  phikMophers  aflkmi  that  it 
caoiiot  exceed  2deg,  42min.,  iHiea  the  obliquity  will  again  increase. 
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body  placed  beyond  tbe  attraction  of  the  earth  or  heavenly 
bodies ;  thongh  it  may  be  fairly  doubted  whether  there  is  any 
where  such  a  place;  yet,  should  there  be,  it  is  evident  that  a 
body  at  rest  therein,  not  being  disturbed  by  any  external  force, 
woold  ever  continue  at  rest : — or,  if  in  motion,  would  ever  con- 
tinue one  uniform  course  of  motion.  This  first  of  the  primary 
laws  may  therefore  be  said  to  refer  to  simple  motion. 

The  second  refers  to  bodies  in  motion  within  the  influence  of 
the  earth's  attraction ;  which,  when  acting  either  in  a  line  with 
the  direction  of  that  motion,  or  at  an  angle,  not  greater  than  a 
right  angle,  accelerates  the  motion ;  but,  if  it  act  in  a  line  con- 
trary to  the  direction,  or  at  any  angle  less  than  a  right  angle,  it 
continually  retards  the  motion.  It  also  refers  to  a  body  in  mo- 
tion, and  coming  in  contact  with  another  body  either  at  rest  or 
in  motion,  producing  in  it  a  tendency  to  move  in  the  direction 
of  its  own  motion.  It  likewise  relates  to  bodies  at  rest  upon 
the  earth's  surface ;  being  thereto  attracted  and  held  so  fast  by 
gravitation,  that  they  require  a  force  greater  than  their  own 
weight  to  remove  them.  This  unwillingness,  as  it  were,  in 
bodies  to  move,  has  been  called  the  Vis  inertue  of  matter.  Being 
the  action  of  the  earth's  gravitating  power,  it  is  extended  along 
the  whole  line  of  direction,  that  is,  from  the  centre  of  gravity  of 
the  body  to  the  earth's  centre  of  gravity.  Therefore,  should 
that  body  be  supported  upon  another  body,  and  the  supporting 
body  be  suddenly  put  in  motion,  it  will  glide  from  beneath  the 
supported  one  ;  since,  it  does  not  affect  the  earth's  gravitating 
force,  which  is  continually  acting  upon  the  supported  body. 
A  person  standing  in  a  carriage  at  rest,  will  fall  if  the  carriage 
be  suddenly  put  in  motion : — his  tendency  to  remain  at  rest  not 
being  altered,  while  the  support  of  his  feet  is  withdrawn. 

Motion  cannot  be  communicated  to  a  body  at  rest  on  the 
earth's  surface  without  a  force  greater  than  that  of  the  earth's 
attraction.  Suppose  a  man  weighing  200lbs.  to  be  at  rest,  that 
is,  pressing  against  the  earth  with  a  force  of  200lbs.:  it  will 
require  a  force  of  more  than  200 lbs.  to  put  and  keep  him  in 
motion.  Suppose  him  to  be  put  and  kept  in  motion  by  a  force 
equal  to  400 lbs.;  then,  the  earth  exerting  a  force  of  200  lbs.  his 
progressive  force  wiU  be  200  lbs.  Should  he  be  in  a  carriage, 
the  carriage's  suddenly  stopping  will  not  affect  his  progressive 
force;  but,  continuing  to  go  forward  while  the  carriage  is  at 
rest,  he  will  fall;-  or,  it  will  require  an  exertion  equal  to  200lbs. 
to  prevent  his  falling.    This  second  law  of  motion  may,  there- 
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fore,  be  considered  ad  referring  to  the  modifications  of  affected 
and  accelerated  motion. 

The  third  law  of  motion  relates  to  reaction,  and  has  its  origin 
in  repulsion :  (see  action  and  reaction.) 

The  scientific  arrangement  of  the  modifications  of  motion,  as 
displayed  in  the  three  grand  divisions  of  the  earth,  Tiz.  toHds, 
fluids,  and  {eriforms,  is  as  follows. 

Solids. — ^The  increase  of  motion  in  bodies,  as  that  caused  by 
gravitation  simply,  is  called  accelerated  motion. 

Ihfnamics. — When  bodies  are  free  to  obey  the  impulse  com- 
municated to  them,  their  motion  -is  always  considered  with  a 
reference  to  their  central  point  of  gravity  ; — as  if  all  their  force 
was  concentrated  at  this  point; — and  the  science  that  treats  of 
them  is  called  dynamics. 

Mechanics. — When  bodies  are  not  free  to  obey  this  impulse ; 
but  are  fixed  to  a  point  as  a  wheel  on  its  axis ;  or  their  motion 
is  modified  as  in  a  ball  running  along  the  ground  ;-^or  they  are 
any  how  connected  with  one  another ; — the  science  is  mechanics. 

Statict. — ^^Vhen  bodies  merely  balance  each  other  without 
motion,  the  science  is  statics. 

Fluids. — Hydrodynamics  treat  of  the  motion  caused  by  the 
mere  gravitation  of  fluids.    The  modifications  of  this  science  are, 

Hydroitratics,  or  the  mere  balancing  or  weighing  of  fluids. 

Hydraulics,  or  the  laws  of  fluids  in  affected  motion. 

jEriforms. — ^roitatics,  the  weighing  or  balancing  of  air. 

.^ostation  treats  of  the  buoyancy  of  air. 

Pneumatics. — ^The  laws  of  air  in  motion,  as  principally  arising 
from  its  elasticity.  But  in  the  following  pages  this  technical 
arrangement  is  disregarded ;  and  motjpn  is  treated  of  as  forming 
one  part  of  a  grand  system  of  the  mechanical  operations  of 
nature. 

Simple  motion  of  attraction  of  gravitation,  is  the  mere  descent 
of  falling  bodies,  being  their  tendency  to  gain  a  point  nearer  to 
the  earth's  centre  of  Gravity.  It  is  found  that  a  body  falling 
from  a  height  moves  through  the  space  of  16  feet  in  the  Jirst 
second  of  time.  But  at  the  end  of  that  time  it  will  have  acquired 
a  velocity  that  would,  if  the  attraction  of  the  earth  upon  it  were 
to  cease,  carry  it  uniformly  through  32  feet  in  a  second ;  so  that, 
in  every  second  as  it  descends  it  gains  a  velocity  of  d2.  Con- 
sequently, it  will  in  descending  move  through  a  space  of  16+32; 
or  48 feet  in  the  second  second;  in  the  third  second  SOfee^  and 
in  the  fourth  112 feet;  and  so  forth.     Or,  calling  the  16,  one; 
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then  the  spaces  moved  through  in  each  second  may  be  expressed 
thus : — ^1,  3,  6,  7,  9.  The  whole  space  moved  through  in  any 
number  oC  seconds  is  as  the  square  of  the  time,  thus :  if  it  fall 
1  in  cme  second,  it  will  fall  4  in  two  seconds,  9  in  /Aree,  and 
so  on. 

The  laws  of  motion  in  ascending  bodies  are  the  same.  Should 
a  ball  be  projected  perpendicularly,  it  will  be  exactly  the  same 
time  in  its  ascent  from  the  gun,  to  the  place  of  its  return  or 
highest  elevation,  that  it  is  in  its  descent  ^om  that  point  to  the 
gun.  Should  it  be  projected  with  a  force  that  will  cause  it  to 
ascend  2304  feet;  then,  it  will  be  12  seconds  in  ascending,  and 
12  in  descending : — moving  through  the  space  of  368  feet  in 
each  second  nearest  the  gun ;  and  only  16  in  each  one  at  the 
greatest  elevation. 

It  is  the  same  if  a  ball  be  projected  at  an  angle  of  46  degrees; 
in  which  case,  it  will  describe  a  curve.  Now  should  the  ball  at 
the  highest  part  of  this  curve  be  at  the  same  elevation  as  the 
last,  namely,  2304  feet,  it  will  be  exactly  the  same  length  of 
time  or  24  seconds  from  its  quitting  the  gun  to  its  striking  the 
ground ;  and,  though  the  spaces  passed  through  vary,  the  pro- 
portions of  elevation  will  be  the  same. — ^The  reader  perhaps 
may  be  a  little  astonished  when  he  is  informed,  that,  should  a 
ball  drop  from  a  cannon  placed  at  the  top  of  a  tower,  at  the 
same  moment  at  which  one  is  fired  from  it  horizontally ;  or,  in 
suoh  a  direction  that  it  shall  not  ascend  higher  than  the  cannon, 
they  will  both  strike  the  ground  exactly  at  the  same  moment ; 
though  the  one  proceed  to  a  distance  of  two  miles,  and  the 
other  simply  fall  to  the  ground  at  the  foot  of  the  tower. 

Irregular  bodies,  that  is,  such  whose  centre  of  gravity  is  not 
at  an  equal  distance  from  all  parts  of  their  surface,  move  in  a 
certain  position  that  has  reference  to  their  centre  of  gravity. 
For  the  centre  of  gravity  always  endeavours  to  precede  or  to 
get  beneath  the  point  of  suspension.  Now  as  bodies  in  motion 
always  meet  with  some  resistance  from  the  air,  that  resistance 
may  be  considered  as  partly  suspending  them ;  and  the  points 
of  this  suspension  will  be  chiefly  at  the  parts  of  the  body  which 
are  at  the  greatest  distance  from  the  centre  of  gravity.  In 
moving  through  the  air,  then,  this  central  point  always  describes 
the  line  of  the  course,  whether  the  motion  be  direct  or  in  a  curve. 
But  as  all  the  parts  are  not  at  the  same  distance  from  this  cen« 
tral  point,  consequently,  the  resistance  of  the  air  will  be  the 
greatest,  at  the  points  at  the  greatest  distance  from  the  central 
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point;  and  therefore  these  saspended  points  will  have  a  rotary 
motion  round  the  central  point. 

A  chain-shot  is  two  balls  fostened  together  with  a  strong 
chain;  and  being  projected  from  a  large  gun,  the  chain  is 
stretched  tight  on  their  emission  from  the  muzzle.  The  centre 
of  gravity  of  the  two  balls,  should  their  weight  be  equttl,  will  be 
at  the  middle  of  the  chain  ;  but  if  one  ball  be  heavier  than  the 
other,  the  central  point  will  be  nearer  the  heavier  ball.  How- 
ever, be  it  where  it  may,  they  will  not  move  one  after  the  other, 
or  the  two  abreast,  but  will  spin  round  on  their  common  centre 
of  gravity ;  so  that,  only  this  central  point  will  move  in  a  line, 
and  the  two  balls  will  form  concentric  circles  round  it  all  the 
way  as  they  proceed.  Every  body  we  throw  into  the  atmos- 
phere, or  drop  from  an  eminence  would  do  the  same,  were  it 
not  for  the  resistance  of  the  air.  Arrows  have  a  tendency  to 
do  so ;  to  counteract  which,  they  are  trimmed  with  feathers; 
that  they  may,  as  it  were,  plough  the  air,  and  gain  steadiness  at 
the  expence  of  velocity. 

In  all  the  above  statements  the  resistance  of  the  air  will  be 
considerable.  It  is  calculated  that  the  resistance  of  the  air  to  a 
metallic  ball  of  two  pounds  weight,  moving  2000  feet  per  second, 
is  equivalent  to  60  times  the  bdl's  weight ;  and  that  bodies  fiedl- 
ing  through  the  air  with  a  velocity  of  22  feet  per  second,  meet 
with  a  resistance  equal  to  above  one  pound  weight  for  every 
square  foot  of  surface  opposed  to  the  medium.  This  resistance 
is  increased  according  to  the  square  of  the  velocity ;  so  that  a 
double  velocity  will  have  a  fourfold  resistance ;  or,  half  the 
velocity  only  one  fourth  of  a  pound. 

The  lengUi  of  pendulums  must  be  calculated  from  the  point 
of  suspension  to  the  point  of  oscillation.  In  such  pendulums  as 
have  a  small  wire  rod  vrith  a  heavy  head,  the  point  of  oscillation 
is  near  the  middle  of  the  head.  But  should  a  rod  of  thick  wire, 
uniform  throughout,  and  without  a  head,  be  used,  the  point  o£ 
oscillation  or  that  to  which  the  length  of  the  pendulum  must  be 
measured,  is  at  two-thirds  from  the  point  of  suspension. 

The  vibration  of  pendulums  is  as  the  square  root  of  their 
lengths ;  that  is,  if  a  pendulum  one  foot  in  length,  vibrate  in  a  cer- 
tain time ;  one  four  times  as  long  will  vibrate  in  twice  that  time; 
one  nine  times  as  long  in  thrice  the  time:  being  regulated  by  the 
same  law  as  falling  bodies.  The  force  acquired  in  falling  car- 
ries it  to  nearly  the  same  height  on  the  opposite  side ;  though 
it  hikB  to  overcome  the  friction,  the  resistance  of  the  air,  and 
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the  action  of  grayilatioD  upon  it  while  it  is  ascending.  In  docks 
a  weight  is  added  to  counterbalance  these»  and  to  give  an  im- 
pulse to  the  works. 

The  centre  of  percussion  in  weapons  is  the  same  as  the  point 
of  oscillation.  If  a  person  take  a  stick  by  one  end  and  strike^ 
hitting  the  object  at  or  near  the  other  end,  the  blow  will  be 
feeble,  and  the  stick  will  shake  his  hand.  But  should  he  hit  the 
object  at  the  point  of  oscillation,  the  blow  will  be  powerful  with 
no  jerk  at  the  hand.  Should  the  stick  be  uniform  throughout, 
this  point  will  be  at  two-thirds  the  length  from  the  hand ;  should 
it  be  a  bludgeon,  it  will  be  considerably  nearer  the  thick  end ; 
hot  in  hammers,  whose  weight  is  principally  in  the  head, 
the  point  of  percussion  is  there  also,  yet  not  at  [the  centre ; 
and  every  workman  always  holds  his  hammer,  and  gives  the 
blow  wiUi  reference  to  this  point ;  or,  if  he  do  not,  every  stroke 
will  reprove  his  want  of  skill.  The  trutii  of  this  position  is 
demonstrated  by  the  appearance  of  much  used  hammers  :  that 
part  of  the  face  at  the  greatest  distance  from  the  handle  being 
the  noiost  worn,  the  point  of  percussion  lying  on  that  side  of  the 
centre  of  the  head.  As  to  saving  the  hand,  the  effect  will  be 
the  same  should  the  stick  be  grasped  at  what  was  in  the  above 
case  the  point. of  oscillatioui  and  the  object  hit  at  the  point  of 
suspension ;  but  the  blow  will  be  less  powerful. 

7.  MOMBNTUM  AND  IMPARTBD  MOTION. 

MoMBNTUM  is  the  force  witii  which  a  body  moves,  and  is  in 
proportion  to  its  velocity  multiplied  by  its  weight  We  may 
place,  without  any  risk,  a  piece  of  metal  of  considerable  weight 
upon  a  china  plate,  and  it  will  not  break  it :  but  should  we 
elevate  the  metal,  in  a  very  small  degree,  and  let  it  drop  upon 
the  plate,  it  will  break  the  plate  in  pieces. 

If  a  body  weighing  10  lbs.  move  at  the  rate  of  one  foot  in  a 
second,  it  will  strike  an  opposing  body  with  a  force  of  only 
10  lbs.  But  should  it  move  at  the  rate  of  16  feet  per  second,  it 
wiH  strike  the  opposing  body  with  a  force  of  160  lbs.;  or^  if  it 
move  with  the  swiftness  of  a  cannon-ball,  which  has  generally 
about  the  same  velocity  as  sound,  or  1140  feet  per  second,  it 
will  have  a  momentum  of  1140 lbs. 

Hence,  the  cannon-ball  of  modem  times  does  much  more 
mischief  than  the  bsttering-ram  of  the  ancients.  Suppose  a 
battering-ram  to  weigh  20,000lbs.  and  to  move  at  the  rate  of 
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two  feet  per  second ;  then,  its  force  wfll  be  409000lbs.  But  a 
oannon-ball  of  only  24 lbs.,  moving  witb  a  velocity  of  2000  feet 
per  second,  will  strike  a  wall  with  a  force  of  48,000lb8.,  Hie- 
fifth  more  than  the  battering-ram's  force. 

On  this  principle  depends,  in  some  measure,  the  art  of  gun- 
nery ;  for,  the  force  of  descending  shells,  and  of  balls  moving 
point  blank  may  be  thus  calculated.  Also  several  mechanical 
operations,  such  as  driving  piles,  may  be  regulated,  by  calcu- 
lating the  momentum  of  the  descending  hammers.  If  a  hammer 
weighing  200lbs.  descend  04  feet ;  it  will  do  it  in  two  seconds ; 
and  will  then  have  a  velocity  of  32  x  2,  or  64  feet  per  second ; 
so  that  its  stroke  will  be  12,800lbs. 

General  Rule, — Divide  the  number  of  feet  elevation  by  16, 
(the  space  fallen  through  in  one  second),  and  the  square  root  of 
the  quotient  will  be  the  time  in  seconds  of  the  descent ;  which 
being  multiplied  by  the  velocity  acquired  in  each  second,  and 
then  again  by  the  weight  of  the  hammer,  will  give  the  momentum. 
Example.  A  hammer  weighing  one  hundred  weight  is  raised  8 
feet;  what  is  the  value  of  its  stroke?  8-r-16=-6,  ^'5^:^10. 
•70  X  32=22-4.     22-4  x  112=:2508-8  the  momentum. 

From  this  it  appears  that  the  momentum  is  as  the  square  root 
of  the  height :  and,  therefore,  if  a  body  falling  a  certain  heigiit, 
have  a  momentum  of  1 :  then,  one  falling  four  times  as  high  will 
have  2,  one  nine  times  as  high  3,  and  so  forth. 

The  change  of  motion  is  always  proportionate  to  the  mov- 
ing force  by  which  it  is  produced;  and  it  is  made  in  the 
line  of  direction  in  which  that  force  is  impressed.  If  a  certain 
stroke  will  make  a  ball  proceed  to  a  certain  distance,  then,  a 
stroke  of  double  force  will  make  it  proceed  to  nearly  double 
that  distance,  (allowance  being  made  for  the  resistance  of  the 
air,  which  is  greater  in  proportion  to  the  square  of  the  velocity). 
A  body  struck  in  the  direction  of  the  centre  moves  in  a  line ; 
but  if  the  stroke  be  not  central,  it  will  have  a  curvilineal  motion, 
the  nearer  the  centre  the  larger  the  curve ;  and  as  it  proceeds 
it  will  revolve  on  its  axis :  the  axis  being  at  right  angles  to  the 
direction  of  the  stroke. — ^The  planets  have  been  sometimes  sup- 
posed to  have  had  such  a  motion  imparted  to  them  at  the  time 
of  their  being  launched  : — whence,  their  dxwmal  and  ammal  mo- 
tions. But  what  we  consider  as  a  better  explanation  of  these 
phenomena,  wiU  be  given  in  the  course  of  this  work. 

If  two  bodies  strike  another  at  the  same  time,  but  not  in  the 
same  direction,  it  will  obey  neither  of  them ;  but  will  have  a 
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motion  whose  direction  is  compounded  of  both.  As  when  the 
wind  blows  at  right  angles  across  a  river,  a  boat  will  neither 
obey  the  current  nor  sail  with  the  wind ;  but,  if  the  impulses 
are  equal,  will  steer  a  course  half  way  between.  Shoidd  the 
wind  and  current  proceed  each  at  the  rate  of  6  miles  per  hour» 
the  boat  will  then  move  at  the  rate  of  nearly  8)  miles  per  hour. 
Ruie:  add  the  square  of  the  wind's  velocity,  to  the  square  of  the 
current's ;  and  Uie  square  root  of  the  sum,  will  be  the  boaf  s 
velocity. 

Action  and  Reaction  are  always  equal  and  contrary ;  that  is, 
the  action  of  two  bodies  on  each  other  is  always  equal,  but  in 
contrary  directions.  If,  while  standing  in  one  boat,  a  person 
draw  another  of  equal  weight  towards  him,  they  will  both  move, 
and  meet  at  a  point  exactly  half  way  between  the  two.  If  the 
force  with  which  a  bird  strikes  the  air  beneath  it,  be  equal  to 
the  weight  of  its  body ;  then,  it  will  keep  at  the  same  elevation: 
but  should  the  force  of  the  stroke  downwards,  be  greater  than 
the  gravity  of  the  bird's  body,  it  will  ascend ;  or  if  less,  it  will 
descend. 

If  a  blacksmith  strike  his  anvil  with  a  hammer,  action  and  re* 
action  being  equal,  the  anvil  strikes  the  hammer  as  forcibly  as 
the  hammer  strikes  the  anvil.  Should  the  weight  of  the  anvil 
be  greater  than  the  momentum  of  the  hammer,^  then,  the  anvil, 
by  what  is  called  the  vi$  inertus  of  matter,  will  not  be  moved. 
Hence,  people  have  sometimes  been  astonished  at  a  man  lying 
on  his  back,  with  an  anvil  placed  on  his  breast,  while  another 
strikes  it  with  a  heavy  sledge  hammer.  Suppose  the  hammer 
weigh  10 lbs.;  and  move  with  a  velocity  of  16  feet  per  second; 
then,  it  will  strike  the  anvil  with  a  force  of  lOOlbs.  but  the 
anvil,  perhaps,  weighs  200 lbs.;  consequentiy  it  will  not  be  moved, 
and  the  man  will  receive  no  harm.  But  were  a  body  of  only  a 
few  pounds  weight  placed  there  instead  of  the  anvil,  the  blojw 
would  kill  him. 

But  though  action  and  reaction  are  reciprocal ;  yet,  this  de- 
pends in  a  great  measure  upon  the  elasticity  of  the  component 
materials  of  the  acting  bodies.  An  elastic  body  is  that  which 
yields  to  any  impulse  or  pressure;  and  is  thereby  made  to 
change  its  figure ;  but,  it  endeavours  by  its  inherent  repulsive 
property  to  resume  the  same  form.  Ilepulsion  is,  therefore, 
stiled  the  antagonist  of  attraction.  Its  nature,  as  will  hereafter 
be  shewn,  depends  on  the  electro-chemical  properties  of  matter, 
whose  particles  attract  each  other,  till  they  approach  to  within 


•  Digitized  by  VjOOQ IC 


102  GRAVITATION  OF 

a  certain  distance ;  but  when  compressed  nearer  than  this  pre- 
scribed limit,  repel  with  the  same  force  with  which  they  are 
compressed. 

The  most  elastic  substances  are  the  ctrifortM: — such  as  at- 
mospheric air»  steam,  and  the  seriform  state  which  gonpowder 
assumes,  when  in  the  act  of  explosion.  In  ioUd  substances  it 
is  the  most  exemplified  in  springs ;  whether  made  of  tempered 
steel  or  tough  wood.  But  adl  solids  as  well  a^Jiuids,  possess  it 
to  a  certain  degree. 

8.   THE  MECHANIC  POWERS. 

Compound  motion  of  attraction,  is,  when  the  simple  motion 
is  made  to  counteract  itself.  All  motion  of  this  kind  may  be 
considered  as  depending  upon  the  lever.  The  six  mechanic 
powers,  namely,  the  lever,  the  wheel  and  axis,  puUy,  inclUed 
plane,  wedge,  and  screw,  BTe  still  reducible  to  the  same  principle, 
of  counterbalancing  or  dilating  the  gravitating  power. 

The  lever. — ^The  poker  with  which  we  stir  the  fire  is  an  exem- 
plificati9n  of  the  lever.  But  the  reader  will  readily  perceive, 
that  the  motion  of  gravitation  cannot  be  made  to  counteract 
itself  without  a  point  of  suspension,  whereon  to  make  the  coun- 
terbalance, or  change  the  direction  of  the  power.  This  point  is 
called  the  fulcrum  or  prop  :  see  A  Fig.  15.  In  the  act  of  stir- 
ring  the  fire,  a  bar  of  the  grate  becomes  the  fulcrum,  on  which 
the  poker  or  lever  rests ;  and  the  counterbalancing  weight  is 
the  hand.  The  power,  that  is,  the  hand  is  therefore  at  the  long 
end  of  the  lever  : — this,  is  called  a  lever  of  theyirs/.order.  But 
sometimes  the  fulcrum  is  at  one  end  of  the  lever,  the  acting 
power  at  the  other,  and  the  weight  to  be  raised,  between  them : 
this,  is  a  lever  of  the  second  order.  And  sometimes  the  fulcrum 
is  at  one  end,  the  weight  to  be  raised  at  the  other,  and  the  act- 
ing power  somewhere  between ;  which,  constitutes  a  lever  of  the 
tUrd  order. 

The  lever,  therefore,  may  be  considered  as  the  instrument, 
by  which  gravitation  is  made  to  counteract  itself,  by  dividing 
pr  dilating  its  force.  If  we  would  balance  equal  weights ;  then, 
the  fulcrum  must  be  at  an  equal  distance  from  each  end.  If 
we  would  make  one  pound  balance  two,  the  long  arm  must  be 
JQst  twice  the  length  of  the  short  one.  If  one  pound  is  to  ba- 
lance three^  the  long  arm  must  have  three  lengths  ;-r-if  four,  then 
/oNT  lengths. 
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The  steel-yard  is  on  the  above  principle,  see  Fig.  15.  The 
gradations  1,  2,  3,  4,  on  the  longer  arm  A  B  are  foand  bj  din- 
dBng  the  greater  weight  by  the  lesser,  and  multiplying  the  quo- 
tient by  the  shorter  arm  AC:  or  by  multiplying  the  greater 
weight  and  shorter  arm,  and  dividing  the  product  by  the  lesser 
weight.  The  product  of  the  lesser  weight  and  longer  arm, 
divided  by  the  greater  weight,  will  give  the  length  of  the  shorter 
arm*  The  weight  W  of  any  mass  that  can  be  balanced  by  the 
assistance  of  a  lever  with  a  small  weight  P,  may  be  found  by 
multiplying  the  smaller  weight  and  longer  arm»  and  dividing  the 
product  by  the  length  of  the  shorter  arm.  Or,  having  two  un- 
equal weights,  one  at  each  end  of  a  beam  of  a  certain  length,  to 
find  the  centre  of  gravity  or  length  of  each  arm.  Rule: — as^ 
the  united  weights  are  to  the  whole  length  of  the  lever,  so  is  the 
lesser  weight  to  the  shorter  arm ;  or,  the  greater  weight  to  the 
hmger  arm. 

Whatever  distance  each  weight  moves,  it  describes  the  arc  of 
a  circle,  whose  radius  is  the  arm ;  and,  as  the  circumferences 
of  oircles  are  in  proportion  to  their  radii  or  diameters ;  if  a  man 
would  by  the  help  of  a  lever  multiply  the  gravitating  power  of 
Ids  own  body  four  times,  he  must  move  over  four  times  the  space 
that  the  object  moves  over ;  so  that,  what  he  gains  in  power  he 
loses  in  time. 

From  the  above  statements  it  is  obvious  that  the  power  of  the 
lever  is  unlimited ;  for  vrith  a  firm  prop  and  a  lever  of  suffi- 
cient length  the  greatest  weight  may  be  balanced  by  the  smallest 
Hence,  the  famous  saying  of  Archimedes :  **  Give  me  a  place 
whereon  to  fix  my  prop,  and  a  lever  of  sufficient  length,  and 
widi  it  I  will  lifr  the  world."* 

The  wheel  and  oant.  This  power  is  used  in  all  kinds  of 
machinery;  as,  the  crane  for  raising  heavy  bodies,  the  capstan 
in  ships,  the  horsewheel  in  the  thrashing  machine,  the  »water* 
wlieel  in  mills,  the  stepping- wheel  of  the  treadmill,  and  many 
othei^maohines;  in  all  which  the  motive  power  is  applied  to  the 
outside  of  a  large  wheel,  as  at  A,  Fig.  16.  The  length  of  the 
longer  arm  of  the  lever  is  the  distance  from  the  circumferenoe 
of  the  wheel  A,  or  the  point  where  the  power  is  applied,  to  the 
centre  of  the  axis  C.  The  shorter  arm  is  the  semidiameter  of 
tiie  axis  or  C  B.  If  a  rope  be  coiling  round  the  axis,  then,  the 
thiekness  of  the  rope  must  be  added  Co  the  shorter  arm.  On 
most  occasions  a  wheel  is  fixed  to  the  axis;  and  then-  the  semi- 
diameter  of  this  wheel  is  the  short  arm*     Suppose  the  semidi* 
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ameter  of  the  larger  wheel  to  be  4,  and  that  of  the  amaller  1, 
then  the  power  will  be  as  4  to  one,  or  2}  lbs  at  P,  will  balance 
10  at  W: — but  the  point  A  will  moTe,  when  the  wheels  are  in 
motion,  over  four  times  as  much  space  as  the  point  B. 

The  large  wheel  of  the  treadmill  is  a  long  cylindrical  wheel 
of  about  8  feet  diameter,  with  cogs  reaching  the  whole  length  of 
the  cylinder.  The  axis  of  the  wheel  being  placed  horizontally, 
the  cogs  serve  as  steps  for  the  culprits.  Suppose  the  point 
where  the  power  is  applied  be  4  feet  from  the  centre,  and  the 
wheel  on  the  axis  be  one  foot  diameter,  then,  the  power  gained 
will  be  8. 

A  horse  confined  to  the  usual  narrow  tread  of  a  machine,  will 
pull,  for  eight  hours  a  day,  with  a  force  equal  to  200  lbs.  Sup- 
pose the  average  weight  of  each  man's  body  be  140 lbs.  all  of 
which  is  on  the  step  of  a  treadmill ;  therefore,  the  power  of  a 
man  to  that  of  a  horse  is  as  140  to  200,  or  as  7  to  10.  So  that 
10  men  in  a  treadmill  will  do,  (though  for  a  shorter  time),  as 
much  as  7  horses  in  the  confined  walk  of  a  thrashing-niachine. 
But  a  man  pushing  round  a  beam  horizontally,  or  turning  a 
windlass,  cannot  exert  a  force  equal  to  70 lbs — ^longer  than  he 
can  exert  his  strength  on  the  treadmill : — hence,  it  is  evident 
that  the  most  advantageous  way  of  applying  a  man's  power  is 
that  of  the  simple  gravitation  of  his  body ;  his  muscular  strength 
being  employed  to  counteract  the  force  of  gravitation,  in  the 
raising  of  his  body. — ^The  principle  of  the  treadmill,  as  to  labour, 
is  exactly  that  of  ascending  a  flight  of  steps  in  a  stair-case,  so 
that  the  exertion  increases  according  to  the  velocity  of  the 
wheel. 

The  puUey, — ^A  pulley  is  a  small  wheel  turning  upon  a  very 
small  axis,  with  a  groove  on  the  edge,  and  a  small  rope  passing 
over  it.  Pulleys  are  of  two  kinds,  Jixed  and  moveable.  No 
power  is  gained  by  a  single  fixed  pulley ;  but  it  is  very  useful 
in  changing  the  direction  of  the  draught,  as  in  raising  materials 
to  the  top  of  a  building ;  it  likewise  permits  several  persons  to 
apply  their  strength  to  one  article. 

But  a  moveable  pulley  becomes  a  mechanical  power,  as 
represented  in  Fig.  17.  In  reducing  this  to  the  lever,  A  is 
considered  as  the  prop,  C  the  centre,  and  D  A  the  long  arm. 
Now  as  D  A  is  double  C  A,  with  a  cord  fixed  at  B,  and  passing 
under  the  first  pulley,  and  over  the  second,  a  person  at  the 
small  weight  P,  by  the  exertion  of  a  force  equal  to  100  lbs. 
would  raise  200  lbs.  at  the  larger  weight  W.     But  he  will  have 


Digitized  by  VjOOQIC 


THE  TERRESTRIAL  MASS.  106 

double  the  length  of  rope  to  coil,  that  he  would  have  if  the 
weight  was  raised  with  only  one  pulley. 

Pulleys  are  variously  arranged  ;  one  block  often  containing 
3  or  4 :  the  upper  block  being  fixed,  and  the  lower  moveable. 
The  power  gained  is  always  equal  to  double  the  namber  of  pul- 
leys in  the  lower  block.  Should  the  lower  block  contain  three 
pulleys,  then,  a  man  will  raise  nx  times  as  much  at  once,  as  he 
could  with  one  fixed  pulley  :  but  he  will  be  six  times  as  long  in 
doing  it,  so  that,  the  power  is  in  fact  equal.  But  should  he 
hare  an  article  whose  weight  equals  six  times  his  power,  and 
which  cannot  be  divided ;  then,  we  see  the  utility  of  the  mechani- 
cal power  of  the  pulley. 

The  incHned plane, — ^The  principle  of  the  inclined  plane  may,  in 
some  respects,  be  more  directly  reduced  to  simple  gravitation, 
than  explained  on  the  principle  of  the  lever.  It  consists  of  a 
strong  piece  of  timber  laid  in  a  sloping  direction ;  and  its  power 
is  equal  to  its  length  divided  by  the  perpendicular  height  of  its 
elevated  end.  It  is  chiefly  used  for  raising  great  weights  to 
moderate  heights,  as  a  large  stone  or  a  hogshead  of  sugar  into 
a  waggon. — Let  C  B,  the  length  of  the  inclined  plane,  Fig.  18, 
be  92  feet,  and  the  elevation  of  its  end,  A  B  16  feet ;  then  its 
power  is  as  two  to  one.  That  is,  a  hogshead  W,  weighing 
4cwt.  may  be  balanced  upon  it  by  a  force,  P,  equal  to  only 
2cwt. — ^A  little  more  than  this,  will  make  it  ascend ;  and  a  little 
less,  will  permit  it  to  descend.  The  hogshead  would  descend 
along  the  perpendicular  B  A,  16  feet,  in  one  second ;  but  it 
would  be  two  seconds  in  descending  along  the  inclined  plane 
B  C  ;  so  that,  the  time  lost  is  still  equal  to  the  power  gained. 

The  wedge, — This  may  be  considered  as  two  inclined  planes, 
having  their  horizontal  sides,  C  A,  Fig.  18,  conjoined.  Its 
power  is  as  the  length  of  one  sloping  side  C  B  to  the  thickness 
of  the  back ;  or  twice  A  B ;  but  its  chief  advantage  arises  from 
its  enabling  us  to  apply  the  power  of  momentum.  The  wedge 
is  generally  used  in  splitting  wood  or  stone ;  but  the  driving  of 
nails  and  piles  and  even  of  the  sewing-needle  is  reducible  to  the 
same  principle.  Where  the  rent  precedes  the  edge  of  the 
wedge,  the  sloping  side  must  be  calculated  from  the  angular 
point  of  the  rent,  to  the  back  of  the  wedge. 

The  tcrew  is  the  last  of  the  mechanic  powers,  and  is  reducible 
to  th^  inclined  plane  :  its  power  is  accprding  to  the  closeness  of 
the  threads.  Suppose  there  are  four  threads  to  an  inch ;  then, 
to  raise  a  weight  the  height  of  one  thread,  that  is,  a  quarter  of 
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tn  inch,  the  screw  will  hare  to  be  tamed  ottce  round.  And 
suppose  its  diameter  to  be  an  inch,  then  the  bpace  moTed  oyer 
will  be  three  inches,  the  circumference  of  the  screw ;  and  the 
power  gained  will  be  12.  But  the  principal  power  obtaiaed 
from  the  screw,  is,  by  applying  a  lever  to  turn  it  Should  we 
apply  a  lever  of  20  inches  the  longer  arm  to  the  above  screw, 
the  power  gained  thereby  would  be  as  20  to  |,  or  40  to  1. 
Which,  multiplied  by  that  gained  by  the  screw  itself,  will  Biake 
apower  of  480. 

All  machinery  depends  on  a  skilful  application  of  the  above 
powers.  But  such  is  the  friction  of  the  different  parts,  thsA  one 
fourth,  and,  in  many  cases,  one  third  must  be  allowed.  So  that, 
when  a  man  with  a  system  of  pulleys  calculates  that  he  can  raise 
12  times  his  own  weight,  he  will  find  that  he  can  raise  but  8  or 
9  times  that. 

All  animal  motion,  whether  it  be  that  of  a  man  lifting  his  arm, 
a  race-horse  on  the  course,  or  a  bird  in  the  air,  is  still  on  the 
principle  of  the  lever. — But  they  act  with  disadvantage,  the  mo- 
tive power  being  at  the  short  end.  The  contraction  of  the  mus- 
cle pulls  the  tendon,  wliich  is  fixed  to  the  bone.  The  bone  is 
the  lever,  and  the  fulcrum  is  at  the  joint.  The  place  therefore 
to  which  the  sinew  is  fixed,  will  be  nearer  to  die  joint  or  ful- 
crum, then  the  other  end  of  the  bone,  where  the  wei^t  to  be 
removed  is  placed,  or  where  the  required  motion  4s  Cb  be  pro- 
duced. 

In  the  locomotion  of  animals,  the  earth  |»ressed  by  tfie  foot, 
or  the  air  struck  by  the  wing,  becomes  the  fulcrum ;  and  the 
progressive  motion  is  the  result  of  a  number  of  levers  worked  in 
the  body : — some  lifting  it  up,  or  overcoming  the  gravitating 
power,  and  others  pushing  it  forward,  though  this  last  motion  is 
chiefly  given  by  the  simple  motion  of  attraction.  For  were  we 
carefully  to  observe,  we  should  find  that  a  man's  Une  of  directicn 
always  precedes  his  steps;  and  he  might  as  well  try  to  fly  as  to 
walk  with  this  line  behind  his  steps.  Hence,  whatever  animal 
we  examine,  we  shall  always  find  that  a  considerable  portion  of 
its  body,  as  its  head  and  neck>  is  at  the  front  of  the  fore4cigt, 
wkh  nothing  to  counterbalance  it  in  the  rear  of  its  hind-legs; 
and  that  such  animals  as  have  not  the  principal  bulk  of  their  bo- 
dies balanced  over  their  fore-legs,  have  the  hind-legs  very  dis- 
proportionately long.  It  has  been  observed  that  a  ntan,  by  the 
peculiar  construction  of  his  body,  can  ascend  a  hill  proportion- 
ately, with  more  ease  than  a  quadruped. 


Digitized  by  VjOOQIC 


THE  TERRESTRIAL  MASS.  107 

0,  SFBCIFiq  GEAVITY. 

By  SpeciQc  Gravity  is  meant  the  various  weights  of  equal 
hulks  of  different  suhstanees,  or  the  various  forces  with  which 
different  bodies  of  the  same  si«e  gravitate.  Thus :  a  cubic  foot 
of  lead  is  equal  in  weight  to  45  cubic  feet  of  cork ;  or  a  piece  of 
lead  wiU  gravitate  with  45  times  as  mucl|  force  as  a|i  equal  bulk 
of  cork.  Lead  has,  therefore,  a  greater  specific  gravity  than 
cork ;  or,  in  common  language,  it  is  heavier. 

Tlie  reader  must  here  distinguish  between /oroe  and  velocity: 
the  latter  belongs  entirely  to  ab$olute  gravity,  in  which  all  bpr 
dies  are  eqqal*  whatever  their  bulk  and  materi^^.  A  feathei:  is 
equal  ii|  absolute  gravity  to  a  cubic  foot  of  lead;  that  i3,  it  is  as 
muc^i,  and  as  swiftly  attracted  upwards  the  earth.  J^ut  if e  iMre 
accustomed  to  see  bodies  gravitate  in  ^ir;  and  &re  therefore^ 
not  sensible  pf  tbi^  i^vers^l  effect  of  gravit^tiop.  Shp^ld  i^ 
feather  and  ^  leaden  weight  be  dropped  ^t  the  same  piomei^t 
firpm  fMi  eminence,  Ifx^  featl^r  if puld  be  )}fioye4  up  \^y  the  i^ir^ 
whije  t|ie  l^ad  would  meet  with  little  rpsistanoe.  But,  were 
we  to  exhaust  a  large  yessel  of  t^m  ^ir,  a|^d  let  those  t^o  bodies 
gravi<|ite  in  vacuo,  the  feather  would  touch  the  bottom  axactly 
f^  tM  same  moment  with  the  lead.  Jlei^ce,  the  absolute  gra- 
vity is  equal;  but,  their  ipecific  gravity  or  weight  is  yery  un- 
equal. 

AD  iipecific  gravity  must,  tb^rejEbre,  be  Coupjded  upon  compa-r 
|riso9 ;  and  water  has  been  6^ed  upon  ^s  the  stand^d.  The 
spec^  gravity  of  water  being  known,  that  of  any  ^ther  sub- 
litanf:^  may  be  easily  ascertiMi;ied.  If  any  body>  that  will  si^ 
in  w^r,  be  first  weighed  in  ^ir,  and  th^n  in  waiter,  it  will 
be  found  to  )o^e  weight  vol  the  wfUier  :-T-the  weight  iqi  the  air, 
divided  by  tfoe  weight  lost  ip  the  wat/er,  is  the  specific  gravity. 
Thus :  a  guinea  weighs  in  air  129  grains ;  but,  if  we  suspend 
it  by  a  horse-hair  fron^  one  of  the  scales  of  the  hydrostatic 
B^IUBfe,  Fig,  19.  and  imm^rge  it  in  water,  it  will  be  fomid  to 
lose  7$  gfW^s.  Divide  1^9  by  7i,  and  it  wiU  give  17*793  a^  the 
specific  gravity  of  the  guinea :  t|^  specific  gravity  of  water  being 
alwayf  considered  as  1*000. 

The  principle  on  which  the  above  calculation  is  founded,  is  as 
j^l)ows  c-r-tbe  body  always  displaces  a  qiji^ntity  of  water  of  ex- 
^Hy  the  tiW^e  bulk  with  itself;  and  the  weight  lost  in  the  water 
if  a^e  weight  of  the  water.    Therefore,  if  a  body  weigh  $o  muck, 
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and  an  equal  bulk  of  water  so  much,  the  one  being  divided  by  the 
other,  the  quotient  will  shew  how  many  times  the  one  is  heavier 
than  the  other.  In  the  above  experiment,  the  guinea  is  found 
to  be  more  than  17}  times  heavier  than  water. 

Specific  gravity  is  of  great  utility  in  ascertaining  the  alloy  of 
the  precious  metals.  The  specific  gravity  of  pure  gold  is  known 
to  be  19*640 ;  therefore,  the  above  guinea  having  a  less  specific 
gravity,  is  alloyed  with  a  metal  whose  specific  gravity  is  consi- 
derably less  than  that  of  gold. 

Gold  and  Silversmiths  are  allowed  a  certain  quantity  of  alloy 
in  the  ^Abrication  of  plate;  and  the  mixture  is  called  the  stan- 
dard* When  an  article  is  manufactured,  it  is  taken  to  the 
Goldsmiths*  HaU,  where  its  specific  gravity  is  ascertained. 
Should  it  be  below  the  standard,  that  is,  should  there  be  more 
alloy  than  the  law  aUows,  it  is  broken  to  pieces,  be  the  work- 
manship ever  so  exquisite.  But  if  the  specific  gravity  be 
according  to  the  standard,  it  is  then  stamped  with  the  lion  and 
king^s  head,  and  returned  to  the  manufacturer.  Plate  offered 
to  sale  without  these  marks,  is  under  the  same  law  as  other 
contraband  goods: — the  penalty  being  £50. 

The  specific  gravity  of  any  substance,  consisting  of  smaU  frag- 
ments, may  be  ascertained  by  means  of  a  small  bucket,  for  which 
due  allowance  must  be  made.  But  the  easiest  method  is  to 
weigh  them  in  air ;  and,  having  a  vessel  filled  with  water  to 
the  edge,  then,  drop  the  fragments  gently  in,  and  a  quantity  of 
water  equal  in  bulk  to  themselves  will  escape  over  the  vessel's 
edge.  Then,  add  the  weight  of  the  fragments  in  the  air  and  the 
weight  of  the  vessel  of  water  together ;  and  from  their  united 
weights,  substract  the  weight  of  the  vessel  with  the  fragments 
in  it,  and  the  remainder  will  be  the  weight  of  the  water  escaped; 
by  which,  as  above  directed,  divide  the  weight  of  the  fragments 
in  the  air. 

Plunging  bodies  in  water  is  no  less  useful  for  finding  the 
measure  of  their  bulk;  since,  they  always  displace  a  quantity  of 
water  equal  to  it.  By  this  means,  therefore,  the  cubic  magni- 
tude or  solid  contents  of  the  most  irregular  body,  even  that  of 
a  ''  Hawthorn  Bush,"  as  the  schoolboy's  phrase  is,  may  be 
easily  ascertained. 

In  bodies  lighter  than  water,  the  specific  gravity  is  found  by 
weighing  them  in  air,  and  then  adding  weights  to  them  till  they 
just  sink  in  water  : — the  additional  weight,  and  the  weight  in  air 
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added  together,  is  the  weight  of  an  equal  hulk  of  water ;  and 
this,  divided  hy  the  weight  in  air,  shews  how  much,  or  how 
many  times  lighter  that  hody  is  than  water. 

From  many  experiments  it  is  found  that  a  living  person,  on 
account  of  the  air  in  his  lungs,  is  one-ninth  lighter  than  water. 
Therefore  were  he  to  lie  on  his  back  in  water,  and  keep  his  hands 
and  his  feet  under  the  surface,  his  face  would  remain  above 
water  and  he  would  not  drown.  Four  pounds  of  cork  are  found 
sufficient  to  keep  a  middle  sized  man's  head  wholly  above  water. 

The  specific  gravity  of  fluids  may  be  ascertained  in  various 
manners.  A  cubic  foot  of  rain  water,  which  next  to  distilled 
water  is  the  purest,  weighs  1000  ounces.  If  a  fluid,  therefore, 
be  balanced  by  weights  with  a  corresponding  bulk  of  this  water; 
the  weights,  if  added  to  the  fluid  will  shew  how  much  it  is 
lighter  than  water;  or  if  added  to  the  water,  how  much  heavier. 
But  a  much  more  elegant  method  is  practised  with  an  instru- 
ment called  the  Hydrometer:  see  fig  20.  A  body  that  will  just 
sink  in  water  level  with  the  surface,  is  considered  of  the  same 
specific  gravity  with  the  water.  One,  therefore,  of  less  specific 
gravity  will  swim  with  ^ome  of  its  bulk  above  the  surface. 
Should  such  a  body  as  the  latter  be  placed  in  a  fluid  of  greater 
specific  gravity  than  water,  more  of  its  bulk  will  be  above  the 
surface;  but  if  the  fluid  is  of  less  specific  gravity  than  water, 
less  of  its  bulk  will  be  above  the  surface.  In  each  case  the 
body  will  displace  so  much  of  the  fluid  as  is  equal  in  weight 
with  itself :— on  this  principle  is  the  hydrometer  constructed. 

The  hydrometer  consists  gf  a  glass  bubble  or  a  hollow  metal« 
lie  ball  A ;  to  which  is  affixed  a  small  metallic  knob  B,  with  a 
stem  at  the  opposite  side.  The  centre  of  gravity  being  nearly 
at  B,  the  stem  is  always  perpendicular  to  the  surface  of  the 
b'quor  when  the  instrument  is  placed  in  it.  The  depth  to  which 
this  bulb  sinks  the  stem  in  distilled  water  is  marked  1*000 ;  and 
the  stem  is  graduated  above  and  below.  Spirits  of  wine,  or 
alcohol  has  the  least  specific  gravity  of  all  fluids,  (ether  excepted); 
when  very  highly  rectified,  it  is  considerably  below  *800.  But 
what  is  called  proof  spirit  contains  a  large  quantity  of  water, 
and  has  a  specific  gravity  of  '930.  However,  between  '800  and 
rOOO  is  generally  the  strength  of  all  spirits.  The  instrument, 
therefore,  according  to  the  weight  or  specific  gravity  of  the  ma- 
terials of  the  stem,  will  sink  deeper  in  the  alcohol  than  in  the 
water ;  and  with  spirit  previously  rectified  the  gradations  on 
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tho  soale  may  bo  nomberod.  The  deeper  the  hydrometer  ainka 
in  spirit  the  stronger  the  spirit  is ;  but  in  worts,  or  brine  in  ssU 
works,  it  is  the  contrary ;  for,  the  basis  of  these  being  water, 
the  ingredients  which  give  them  strength  only  increase  the 
specific  gravity  of  the  water, — 'not  its  bnlk ;  and,  therefprey  its 
buoyancy  is  increased :  consequently,  more  of  the  stem  will 
remain  above  the  surface. 

There  are  several  variations  in  the  construction  of  the  above 
instrument,  but  all  are  on  the  same  principle.  It  is  chiefly  used 
by  officers  in  the  Excise,  spirit-merchants,  distillers  and  recti- 
fiers ;  for,  with  it  they  can  immediately  ascertain  the  strength 
of  the  wash  in  a  distillery ;  or,  in  what  proportion  the  pure 
spirit  and  water  exist  in  any  liquor ;  and  if  above  proof  can  at 
once  determine  what  quantity  of  water  may  be  added  to  reduce 
it  to  that  standard,  or  any  required  strength. 

6ea-water,  on  account  of  the  salts  that  it  contains,  is  generally 
about  one-fortieth  heavier  than  river  water;  and,  of  course, 
more  buoyant  A  ship,  thereforOf  loaded  till  it  sinks  as  deep 
as  it  will  sail  in  salt  water,  would  go  down  when  it  came  into 
fresh  water : — on  the  contrary,  what  may  appear  a  heavy  load 
in  fresh  water,  will  prove  an  indifierent  one  in  salt  water. 

10.  OBAVITATION  OF  FLUIDS. 

iPLUiDB  are  subject  to  the  general  law  of  gravitation  the  samf 
as  solids;  but  on  account  of  their  not  being  restrained  by  tb^ 
attraction  of  cohesion,  each  particle  gravitates  on  iU  own  cen- 
l^line  of  direction;  whereas  the  particles  of  solids  gravitate 
•n  that  of  the  whole  mass.  Thus;  in  a.  vessel.  Fig.  n,  that  ha9 
a  narrow  bottow  and  wide  top,  filled  with  water,  the  pressure 
» nm  all  parts  of  its  sloping  sides  in  proportion  to  the  perpe^r 
dUenlar  hdght  of  the  water;  so  that,  the  bottom  has  no  more 
|>ress«re  than  if  the  top  and  it  were  of  the  same  diameter.  3nt 
with  respecit  to  the  vessel  itself  pressing  the  earth,  it  is  to 
he  considered  as  a  solid;  and  should  not  the  central  line  of  th^ 
whole  be  within  the  area  of  the  bottom,  it  will,  of  course,  faP 
Mmi  Sfiil  the  w»ter^ 

The  downward  pressure  of  water  is  at  its  perpendicniar 
iMJ^ht  The  bottom  of  a  canal  or  reservoir  may  be  sufficientif 
oosnpaet  to  retain  a  depth  of  water  equal  to  16  inches^  without 
A  drop  oMsisig  tbrough.  Bat  w^ve  Qm  depth  increased  io  16yd|i. 
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It  w<mld  require  a  bottom  of  36  times  the  firmnesB;  otherwise, 
tte  water  would  pierce  through  the  materials,  aad  cause  the 
whole  to  give  way. 

The  lateral  pressure  of  water  is  as  half  the  height;  that  is» 
"  If  the  side  and  bottom  of  a  vessel  bo  equal,  then,  the  pressure 
on  the  bottom  is  twice  as  great  as  on  the  side."  But  the  pres- 
sure against  any  par^ular  part  of  the  side,  is,  as  the  greatest 
perpendicular  height  of  the  water  without  any  regard  to  the 
extent  of  its  upper  surfkce.  The  knowledge  of  this  law  is  of 
great  importance  in  the  construction  of  flood-dikes  and  sluices ; 
for,  **  it  is  obvious  that  the  thickness  of  the  wall  at  the  bottom 
must  be  greater  than  at  the  top,  as  it  has  a  much  greater  pres- 
sure to  withstand.  If  the  wall  at  tht  bottom  be  two*fifUis  of 
Uie  height  of  the  water,  it  will  just  balance  the  pressure  of  the 
water.     A  secure  widl  would  require  to  be  thicker." 

The  spouting  of  water  is  as  the  square  root  of  the  perpen- 
dicular height  If  holes  be  made  at  different  distances  from  the 
top  of  an  upright  column  of  water,  it  will  be  spouted  from  each 
hole  with  a  velocity  or  in  quantity  proportionate  to  the  square 
root  of  the  distance  from  the  top.  If  this  distance  be  4  feet,  the 
proportionate  quantity  will  be  2: — say,  two  pints  per  minute. 
If  10 feet,  4 pints  per  minute:  and  if  192yds.  then  24 pints 
wiH  be  spouted  in  the  same  space  of  time.  The  miller  is  well 
acquainted  with  the  principles  of  this  law;  and  loves  to  have 
what  he  calls  **  a  good  breast,"  that  is,  his  reservoir  so  full,  that 
&e  surface  of  the  water  may  be  considerably  above  the  aperture 
where  it  spouts  upon  the  wheel. 

The  spaces  described  by  the  descending  surface  of  the  water 
in  equal  portions  of  time,  are  as  the  odd  numbers  1, 3, 6, 7,  9,  &c. 
taken  backwards.  On  this  principle  were  water  clocks  for- 
merly constructed.  Suppose  an  upright  column  of  water  to  be 
12hrs.  in  emptying:  then,  this  column  must  be  divided  into  144 
parts;  and  there  will  be  23  times  as  much  water  spouted  the 
first  hour  as  the  last.  The  proportions  spouted  in  each  hour 
will  be  these,  23,  21, 19, 17, 15, 13,  11,  9,  7,  5,  3, 1.  But  the 
numbers  counting  from  the  top  downwards,  marking  the  hours, 
I,  II,  III,  IV,  &c.  will  be  thus,  23,  I;  44,  II;  63,  III;  80, 
IV;  95,  V;  101,  VI;  119,  VII;  123,  VIII;  135,  IX;  440,  X; 
148,XI;  144,XIL 

Water  has  also  an  upward  pressure,  which  depends  likewiae 
on  the  simple  law  of  gravitation ;  or,  as  we  express  it  in  eom- 
Bum  language,  «' finding  its  own  level."    It  4s  exempKfied  by 
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what  is  called  the  hydrostatic  heliowg.  This  apparatus  consists 
of  two  boards  fastened  together  in  the  manner  of  a  common  bel- 
lows ;  but  there  is  no  aperture  except  by  a  long  pipe  fixed  per- 
pendicularly, as  in  Fig.  22.  Now,  how  small  soever  the  bore 
of  this  pipe  may  be,  providing  water  will  flow  freely  along  it, 
and  it  be  perfectly  perpendicular,  should  we  fill  it  with  water 
and  keep  filling  it ;  the  water  will  raise  the  upper  board  with 
any  weight  upon  it  proportionate  to  the  height  of  the  pipe.  A 
quibble  is  founded  on  this  law,  called  the  hydrostatic  paradox ; 
wherein  it  is  said,  that  '*  a  quantity  of  water  however  small  may 
be  made  to  counterbalance  another  quantity  however  large." 
Now,  an  upright  column  of  water  28  inches  high,  presses  with 
a  force  of  one  pound  upon  every  square  inch ;  and  this  is  the 
same  whatever  be  the  diameter  of  the  tube.  Therefore,  should 
we,  having  a  bellows  containing  a  little  water,  and  with  a  pipe 
28  inches  high,  place  such  a  weight  on  the  upper  board  as  shall 
contain  as  many  pounds  as  the  upper  board  contains  square  in- 
ches, the  pipe  will  stand  full  of  water.  If  the  weight  be  less 
than  a  pound  to  each  square  inch,  the  water  will  fall  so  low  in 
the  tube,  that  its  upright  column  shall  press  an  equal  weight  on 
a  square  inch  to  that  which  each  inch  of  the  upper  board  sus- 
tains. .  But  should  there  be  more  than  a  pound  on  each  inch, 
then,  the  water  will  spout  out  at  the  top  of  the  tube.  The 
power  of  this  bellows  is  therefore  unlimited;  and  depends 
both  upon  the  height  of  the  tube  and  size  of  the  board.  Though 
the  bore  of  the  pipe  may  be  such,  that  it  shall  not  contain 
one  ounce  of  water;  yet,  if  the  upper  board  be  a  square  whose 
side  is  48  inches,  this  small  quantity  shall  lift  a  ton  weight 
placed  upon  the  board ;  for  there  will  be  less  than  a  pound  on 
each  square  inch.  Should  we  double  the  length  of  the  pipe, 
then,  the  pressure  on  each  square  inch  will  be  two  pounds,  and 
with  the  above  board  and  continually  filling  the  pipe,  the  water 
will  raise  a  weight  of  two  tons. 

Should  a  person  stand  upon  the  upper  board,  and  blow  into 
the  pipe,  he  may  raise  himself  equally  as  with  the  water;  so 
that,  in  this  sense,  it  may  not  improperly  be  said,  that  a  man 
with  his  own  breath,  may  blow  himself  up  into  the  air. 

The  hydrostatic  press  is  a  slight  variation  in  the  construction  of 
the  above  apparatus.  It  is  so  contrived,  that  the  water  by  the 
assistance  of  a  powerful  lever,  a  piston  and  valves  is  pressed 
down  in  the  smaller  pipe.  The  small  pipe  is  bent  and  fixed  into 
the  lower  end  of  a  wide  cylinder.     Upon  the  water  in  this 
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cylinder,  is  a  piston  fitting  the  cylinder  so  accurately  that  no 
water  can  escape. — The  force  with  which  this  piston  may 
be  raised,  will  be  in  the  proportion,  that  the  square  of  the 
diameter  of  the  cylinder,  bears  to  that  of  the  small  pipe,  multi* 
plied  by  the  power  of  the  lever.  Suppose  the  diameter  of  the 
cylinder  to  be  40  in.  and  that  of  the  small  pipe  one  inch,  the 
power  gained  will  be  1600.  And  suppose  a  power  of  200  lbs 
exerted  at  the  lever:  then  the  power  of  the  piston  will  be 
890,000  lbs.  Now,  as  the  disproportioit  between  the  diameter 
of  the  cylinder,  and  that  of  the  small  pipe  may  be  of  any  extent; 
and  almost  any  force  may  be  obtained  by  the  lever ; — it  is  evi- 
dent, that  the  power  of  the  hydrostatic  press  is  unlimited ; — 
hence,  a  man  with  the  greatest  ease  may  tear  up  trees  of  the 
most  sturdy  growth.    ' 

It  is  obvious  from  the  above  laws  of  water,  that  if  we  take  a 
bent  tube.  Fig.  23,  and  pour  water  in  at  one  end,  it  will  rise  in 
the  other  leg  till  the  surface  of  each  is  at  the  same  level,  A  B. 
On  this  principle  many  fountains  both  natural  and  artificial 
depend.  The  artificial  are  merely  water  flowing  in  at  the  higher 
leg  of  a  bent  tube,  and  spouting  from  a  smaller  orifice  in  the  lower 
leg.  with  a  velocity  proportionate  to  the  elevation  of  the  surface 
of  the  water  standing  in  the  longer  leg  above  the  spouting  ori- 
fice. The  extent  of  such  a  tube  is  unlimited ;  and  by  it  water 
may  be  conveyed  from  the  top  of  one  hill  to  the  top  of  another; 
the  bend  of  the  pipe  being  hid  beneath  the  surface  of  the  earth 
at  the  bottom  of  the  interjacent  valley.  However,  by  reason  of 
the  downward  and  lateral  pressure  of  water,  the  lower  part  of 
the  tube  must  be  excessively  strong. 

It  appears  that  the  ancients,  in  the  construction  of  their  aque- 
ducts, were  either  deterred  by  the  difficulty  of  making  pipes 
sufficiently  strong;  or,  they  were  in  reality  ignorant  of  this  pri- 
mary law  of  the  gravitation  of  fluids :  though  their  Clepgydra  was 
on  its  principle.  This  chronometer  consisted  of  a  vessel  with  a 
tight  partition  in  the  middle.  At  the  bottom  of  the  partition 
was  a  very  small  hole.  They  filled  one  side  with  water ;  and 
allowance  in  the  gradation  being  made  for  the  difference  in  the 
pressure,  the  water  falling  in  the  one  and  rising  in  the  other, 
pointed  out  the  time  of  day.  But  when  they  wished  to  supply 
a  town  with  water  from  a  distant  hill,  they  built  immense  aque- 
ducts at  an  enormous  expence.  These  were  troughs  supported 
on  stone  arches,  so  that  the  water  might  run  along  the  inclined 
plane.     Some  of  the  great  works  of  Solomon  were  of  this  kind ; 
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«Bd  the  atopendoua  raiBs  of  the  Roman  aqaedaoto  are  aadng 
the  wonders  of  the  world. 

The  greater  part  of  natural  springs  and  foontains,  no  doabt, 
owe  their  origin  simply  to  the  gravitation  of  water,  see  Fig.  24* 
For,  by  it  their  waters  are  continually  in  motion,  tiM  all  parts 
of  the  surface  are  at  the  same  distance  firom  the  earth's  centre 
of  gravity.  On  this  principle  all  rivers  run  into  the  sea ;  alid 
the  springs  bursting  out  from  the  sides  and  feet  of  large  hills,  or 
from  the  summits  of  adjoining  smaller  ones,  are  nothing  more 
tiian  the  raio  water,  collected  above  in  the  secret  recesses  and 
caverns  hid  within  the  mountain,  seeking  its  level.  For,  perco- 
lating through  gravel  or  porous  earths  placed  beneath  beds  of 
clay,  or  gurgling  through  crevices  of  sloping  rocks,  whether  at 
the  side  of  the  mountain  or  top  of  the  hill,  providing  always  that 
the  aperture  A  be  lower  than  the  surface  of  the  water  in  the 
reservoir  B  C,  it  will  burst  out  to  seek  its  level  in  the  valley. 

Though  we  sometimes  see  springs  on  tabular  pieces  of  land» 
and  near  the  summits  of  hills  which  are  not  large  enough  to 
collect  the  quantity  of  water  sent  forth,  and  which  are  not  witluB 
sight  of  larger  hills ; — still  they  may  be  accounted  for  on  this 
principle.  For  we  are  to  consider,  that  if  the  top  of  dw  Alps 
be  farther  from  the  earth's  centre  of  gravity  than  the  top  of 
Snowdon,  a  pipe  laid  from  the  one  to  the  other,  would  equally 
convey  water  as  between  two  neighbouring  hills,  though  it 
dipped  hundreds  of  miles  below  the  bottom  of  the  intervening 
sea.  However,  it  is  probable  that  capillary  attraction  has  some 
share  in  producing  some  of  these  springs,  which  may  be  ilUai* 
trated  in  the  following  manner.  Having  a  basin  half  full  of 
water,  slightly  twist  a  few  threads  of  woollen  yam ;  and  let  one 
end  be  in  the  water,  and  the  other  hang  over  the  edge  of  the 
basin.  The  water  will  slowly  ascend  along  the  yam,  and  pass- 
ing over  the  basin's  edge,  will  fall  in  drops  from  the  other  end, 
till  the  basin  be  emptied.  But  thi/s  will  not  be  the  case  onless 
the  outer  end  of  the  yarn  be  lower  than  the  suriace  of  the  water, 
and  therefore  it  leaves  the  matter  donbtfol. 

II.  THE  MOTION  OF  FLUIDS  AS  CAUSBB  nT  THB  GRAVI- 
TATION OF  THE  ATMOSPHERE. 

We  have  already  stated,  that  the  atmosphere  presses  with  a 
weight  of  15lbs.  on  every  square  inch  of  the  terraqueous  globe. 
Water,  therefore,  being  under  this  pressure,  will  be  subject  to 
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laws  dependijig  thereon*  Henee,  if  we  place  one  end  of  a  tnbe 
in  water,  and  then  exbantt  the  air,  a  column  of  water  wUl  be 
raised  np  into  it»  by  the  atmotpherio  preasare  on  the  surface  of 
the  other  water,  equal  in  weight  to  that  pressure.  The  air,  im 
this  ease,  aeting  the  same  part  as  the  weight  on  the  upper  board 
in  the  hydrostatic  bellows ;  and,  of  course,  it  will  be  without 
reference  to  the  tube's  diameter. 

Suppose  the  bore  of  the  tube  to  be  equal  to  a  square  inch,  then 
cTery  inch  of  the  column  will  contain  a  cubic  inch  of  water} 
and  as  the  pressure  of  the  atmosphere  is  16  lbs.  on  every  square 
ineh,  the  column  thus  rising  in  the  tube  will  weigh  16  lbs.  Now 
490  cubic  inches  of  water  are  found  to  weigh  16  lbs.;  conse* 
quently,  the  height  of  this  column  will  be  420  inches  or  86  feet. 

On  the  above  pvinciple  is  the  oawunam  pump,  see  Fig.  26. 
Within  a  tabe  that  has  one  end  in  the  water  is  a  valve  D,  and  a 
piston  €  having  also  a  valve  :^-botii  valves  opening  upwards* 
The  piston  moves  against  the  sides  of  the  tube,  and  boUi  it  and 
vnhres  are  made  air  tight  by  means  of  leather  kept  wet  witk  thn 
water  in  the  tube.  This  piston  is  worked  up  and  down  by  a. 
powerful  lever  at  A,  the  pump  handle.  To  make  room  for  the 
descending  piston,  the  air  or  water  rushes  through  the  upper 
valve,  which,  when  the  piston  is  drawn  up,  closes ;  and  the  piaton 
leaves  a  yaet^um  beneath  in  the  tube,  into  which  the  remaining 
air  or  the  water  rushes  through  the  lower  valve.  If  the  piston 
desoe^ded  to  the  surfisce  of  the  water  and  rose  again  to  the  ele- 
vation of  86  foot,  leaving  no  air  beneath  it,  the  water  would  at 
Hie  first  stroke  rise  to  that  elevation.  But  as  the  piston  is  genor-i 
aHy  oonflied  te  a  box  D  B^  ar  a  part  of  the  tube  made  wider 
fban  the  vest  to  admiA  the  working  of  the  valre*  many  strokes 
apa  neof  ssiMry  to  exhaust  the  air  before  the  water  can  ascend  to 
tfia  pM^ton.  However,  it  will  at  every  stroke  rise  a  Uttle,  where 
Ria  retained,  whale  the  piston  descends,  by  the  lower  valve ;  so 
Hiat  the  remaining  air  will  still  have  the  Mtme  density  as  the 
exiemai  air.  The  operation  of  common  pumps,  or  as  they  are 
soniietimes  called,  tucking  pumps,  is  very  limited ;  since,  they 
eaa  only  raise  a  column  of  water  equal  in  pressure  to  that  of 
Hie  atmosphere,  or  86  feet  in  height ;  and  on  account  of  friction, 
elavatien  of  the  pump  above  the  level  of  the  se^,  or  a  diminu- 
tia^  9i  atmospheric  pressure  as  immediately  before  a  sto^m, 
aeMetupea  not  higher  than  88  er  80  feel. 

Sometimes  both  valves  are  bmieath  the  surface  of  the  water 
in  the  ipieU  ^-«-tha  piston  being  attached  to  the  ^ni  of  a  long  rod. 

p2 
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It  then  becomes  the  lifting  pomp ;  for»  the  water  may  be  lifted 
to  any  height  aboTe  the  piston,  pronding  the  lever  be  worked 
with  safficient  force,  and  the  rod  conunonicating  with  the  lever 
and  piston  be  suflBciently  long. 

A  nfpkon.  Fig.  26,  is  an  hydraolical  instnunent,  consisting  of 
a  bent  tube  with  legs  of  unequal  length.  It  is  chiefly  used  for 
extracting  liquids  through  the  bung  hole  of  casks ;  and  depends 
for  its  action  on  the  pressure  of  the  atmosphere.  The  short  leg 
is  placed  in  the  liquor ;  so  that,  the  orifice  of  the  longer  one 
outside  is  always  lower  than  the  liquor's  surface  A  B.  Should 
the  air  be  exhausted  while  in  this  position,  the  liquor  will  fill 
the  tube  and  flow  through  it  till  the  whole  be  drawn  off.  For 
the  purpose  of  exhausting  the  air  from  the  tube,  a  small  pipe 
bent  upwards  is  inserted  into  it,  near  the  end  of  the  longer  leg, 
or  so,  that  the  place  of  insertion  may  always  be  lower  Uian  the 
surface  of  the  liquor ;  for,  this  place,  with  respect  to  the  air, 
must  be  considered  as  the  real  orifice.  The  short  leg  being  in 
the  liquor,  and  the  end  of  the  longer  stopped  with  the  finger, 
the  air  is  sucked  out  by  the  pipe :  or,  without  this  pipe,  if  the 
syphon  be  first  filled  with  the  liquor,  and  then  stopped  at  each 
end  till  it  be  properly  disposed  for  running,  the  effect  will  be  the 
same.  Though  syphons  may  be  constructed  on  a  larger  scale ; 
yet,  since  they  are  but  a  variation  of  the  common  pump,  their 
use  is  limited  within  the  elevation  of  35  feet 

What  are  called  intermitting  gprings  are  natural  syphons. 
Reservoirs  in  the  bowels  of  the  earth  are  filled  at  different  sea- 
sons ;  and  when  the  surface  of  the  water  rises  to  a  certain 
height,  as  to  B  C,  Fig.  24,  it  is  above  the  top  of  the  syphon  D ; 
and,  on  the  simple  principle  above  explained,  it  sets  a  r-unning 
all  the  syphons  which  chance  to  be  there  formed  by  a  peculiar 
construction  of  rocks  or  dykes.  The  water  being  once  put  in 
motion,  is  kept  running  by  the  atmospheric  pressure  till  the  sur- 
face of  the  water  in  the  reservoir  is  on  a  level  with  the  lower 
orifice  of  the  syphon,  when  all  at  once  it  ceases,  and  the  foun- 
tain becomes  dry  without  any  previous  notice.  Though  to  pro- 
duce this  effect,  we  must  suppose  the  natural  syphon  to  be  air 
tight ;  or,  the  fountain  would  cease  when  the  surface  of  the 
water  was  at  D.  Some  springs  ebb  and  flow  with  the  tide,  and 
some  the  contrary ;  but  all  are  supposed  to  act  on  this  principle. 
Those  that  ebb  and  flow  contrary  to  the  tide,  probably,  have 
their  waters  delayed  in  the  passage. 

Tantalus'  Cup,  a  toy  for  children,  is  on  this  principle.    It 
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oontists  of  a  small  image  placed  in  a  drinking  cap.  Inside  the 
image  is  a  concealed  syphon.  The  cnp  is  then  filled  till  the 
water  tenches  the  nnder  lip  of  the  image ;  when,  at  the  same 
time,  rising  above  the  bend  of  the  syphon,  it  is  immediately  set 
a  running,  and  is  conveyed  to  another  part  of  the  cap.  The 
caitiff,  as  the  heathen  poets  relate,  having  grievoasly  offended 
the  gods,  was  condemned  to  perpetaal  hunger  and  thirst  in 
Tartams ;  and  to  increase  his  torment,  is  for  ever  tantoHzed 
with  the  most  delicious  viands  and  drink  touching  his  lips,  but 
which  he  cannot  get  into  his  mouth. 
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CHAP.  VI. 
The  Mechanical  Eff&sts  ^  Cahric. 


Caloric  DSFiNsa  2.  Caloric  the  cause  of  Fluidity.  3.  The  Expaii- 
8I0N  OF  Bodies  by  the  presence  of  Caloric.  4.  Instruments  for  mea- 
suring Temperature,  and  specific  Caloric.  5.  Combined  Caloric  and 
Cold.  6.  Radiation  and  Reflection  of  Heat.  7.  Transmission  and 
THE  conducting  ofHbat.  8.  The  peculiar  laws  of  Water.  9.  The 
Mechanical  Properties  of  Steam.  10.  Evaporation.  11.  Wind. 
12.  Atmospheric  Temperature  and  Cumate. 


1.   CALORIC  DEFINED. 

Heat  18  the  cause  of  the  well  known  sensation  we  feel,  or  the 
effects  we  see  produced  by-  the  agency  of  the  solar  rays  or  by 
the  presence  of  fire.  But  as  heat  operates  at  a  distance  from 
its  source,  the  substance  of  it  must  be  in  an  active  state,  and  the 
term  heat  will,  therefore,  convey  the  idea  both  of  a  substance 
and  its  action.  And  as  this  substance  is  likewise  found  in  all 
bodies  in  a  quiescent  state  or  where  it  produces  none  of  the 
effects  attributed  to  heat,  it  was  necessary  for  the  sake  of  pre* 
cbion  in  language  to  make  use  of  a  word  indicative  of  the  sub* 
stance  alone : — hence  the  term-ca^ortc. 

Caloric,  then,  is  the  substance  of  heat ;  and  when  at  rest  in 
any  body  is  called  combined  or  latent  caloric ;  fire  is  both  heat 
and  light  produced  where  caloric  is  generated,  set  at  liberty,  or 
put  in  motion ;  comhnstum  or  ^ifmifij^  is  the  process  by  which 
the  motion  is  communicated,  or  it  is  the  dissolution  of  those 
bodies,  which  contain  either  the  caloric  or  its  component  ele« 
ments ;  heat  is  the  effect  or  sensation  produced  by  caloric  m 
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mofioii,  and  is  Bometimes  called  acHve  calorio ;  and  ieuq^ahirt 
signifies  the  quantity  in  motion. 

There  are  two  very  obvioas  and  peculiar  properties  belcHiging  ' 
to  oaknic ;  vix.  it  is  incmtfinable ;  that  is,  its  entrance  into  a 
body  and  its  escape  from  it  cannot  be  prevented ;  and  it  is  um* 
pomderahk ;  for,  bow  mnch  caloric  soever  a  substance  contains^ 
its  presence  adds  nothing  to  the  absolute  weight  of  that  sub- . 
stancei  though  in  all  cases  it  diminishes  the  specific  gravity. 

2.  CALORIC  T^E  CAUSB  OP  FLUIDITY. 

Caloric  is  diffused  throughout  all  nature;  no  substance  is 
found  without  some  portion  of  it,  nor  can  any  particle  of  matter 
be  entirely  deprived  of  it.  To  its  presence  we  owe  two  of  the 
three  grand  divisions  of  the  earth's  surface;  viz.  the  Jiuid  and  the 
mform.  The  less  caloric  a  body  contains,  the  more  dense  or 
contracted  is  its  bulk.  Increase  the  quantity  of  caloric  in  any 
solid,  and  you  convert  it  into  a  fluid;  increase  it  still  more,  and 
you  bave  an  aeriform;  increase  it  yet  more,  and  nothing  can 
resist  its  expansive  force.  Caloric,  then,  we  find  to  be  the 
cause  of  repulsion,  the  antagonist  of  attraction,  or  the  agent 
that  dissolves  this  band  of  nature.  In  tolidg  the  cohesive  power 
is  greater  than  the  repulsive  power  of  the  caloric  therein 
present,  in  jelfy  the  attraction  of  cohesion  and  the  repulsion  of 
the  caloric  are  in  a  state  of  equilibrium;  in  Jiuids  the  cohesion 
is  overcome  by  the  repulsion,  which  now  equals  the  attraction 
of  aggregation;  but  in  tmforms,  the  repulsion  exceeds  all  the 
modifications  of  attraction,  except  that  of  gravitation. 

With  respect  to  latent*caloric,  it  becomes  as  much  a  compo- 
nent part  of  that  body  wherein  it  exists,  as  any  other  of  its  in- 
gredients ;  and  it  cannot  be  extracted  from  it  without  changing 
the  form,  or  making  it  a  different  substance.  Water,  for 
instance,  deprived  of  a  certain  quantity  becomes  ice,  which  at 
the  poles  is  as  hard  as  any  of  the  rocks ;  for  even  at  30  degrees 
from  the  poles  no  edge  tool  can  cut  it ;  and  it  is  reducible  to  a 
dry  powder  dispersible  by  the  wind.  In  Russia,  at  Prince 
Gallitzin's  marriage,  1739,  a  house  with  two  apartments  was 
built  entirely  with  blocks  of  ice.  It  also  contained  furniture  of 
the  same  material ;  and  icy  cannon  were  fired  in  honour  of  the 
day,  which  performed  their  office  *  more  than  once  without 
bursting. 

jEriform  substances  are  of  two  kinds : — one  wherein  the  ca- 
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loric  is  active,  and  the  other  wherein  it  is  latent ;  the  former  is 
called  vapour  and  the  latter  gas,  Vaponr  is  snoh  a  substance 
as  may  be  condensed  or  destroyed  by  cold,  that  is,  the  heat  on 
which  the  aeriformity  depends  will  quit  it  for  other  substances 
that  do  not  contain  so  much  caloric ;  and  the  water  or  whatever 
else  was  converted  into  vapour  is  restored.  But  under  certain 
circumstances  the  caloric  becomes, so  combined  with  some  sub- 
stances, that  no  cold  produces  any  effect  upon  them,  more  than 
somewhat  increasing  their  specific  gravity.  They  are  then  dis- 
tinguished by  the  term  Gas.  However  it  will  be  seen  in  che- 
mistry that  this  property  is  rather  to  be  attributed  to  the  caloric 
itself  being  decomposed,  than  to  its  becoming  latent  as  caloric. 
Steam  from  boiling  water  is  vaponr ;  and  atmospheric  air  is  a 
mixture  of  gases. 

3.  THE  EXPANSION  OF  BODIES  BY  THE  PRESENCE  OF 
CALORIC. 

It  is  found  by  experiments  that  all  substances  dilate  or 
expand  by  heat;  also,  that  the  more  a  body  is  cooled  the  less 
space  it  occupies.  From  this  it  is  evident,  that  all  the  particles 
of  which  a  body  it  composed  approach  nearer  to  each  other  by 
the  loss  of  caloric,  and  recede  to  a  greater  distance  by  new 
acquisitions  of  it.  Indeed  some  philosophers,  in  treating  of 
attraction  and  repulsion,  have  demonstrated  that  the  mutual 
attraction,  existing  between  particles  of  matter,  acts  only  at  a 
certain  distance;  and  that  within  this  distance  repulsion  exists 
so  as  to  prevent  absolute  contact:  consequently,  the  particles 
of  no  substance,  even  of  the  most  solid,  touch  each  other. 
Hence  it  has  been  asserted,  that  the  whole  matter  of  the  uni* 
verse  might  be  compressed  into  the  space  included  by  a  walnut 
shell.  However,  it  may  probably  be  no  easy  matter  for  a  young 
philosopher,  though  science  admits  the  fact,  to  comprehend 
how  particles  of  matter  can  compose  a  hard  flint-stone,  and 
yet  allow  of  space  between  them. 

Some  substances  are  found  to  expand  much  more  by  the  pre- 
sence of  caloric  than  others.  Iron  is  more  expansible  than 
wood,  and  wood  than  stone  or  glass.  Of  the  metals,  platina 
dilates  the  least  and  lead  and  zinc  the  most.  In  fluids,  mercury 
is  found  to  be  the  only  one  that  expands  equal  degrees  with 
equal  portions  of  heat; — ^it  is,  therefore,  the  most  proper  for 
thermometers.     But  liquids  in  general  expand  more  than  solids. 
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mud  aBitforms  much  more  than  liquids.  Alcohol  is  more  expansi- 
Uethan  oils,  and  oils  in  general  more  than  water.  Nearly  all  the 
sBriforms  expand  alike  when  heated  to  the  same  degree ;  100 
parts  of  each  at  the  freezing  point  of  water  become  at  the  boiling 
point  about  137*5 :  100  mercury  under  the  same  circumstances 
become  101835.  Zinc  100*308.  Gold  100*094.  Platina 
100-087.     Glass  100083. 

It  has  been  observed  that  the  steel  pendulum  of  a  clock 
expands  so  much  by  every  4deg.  of  temperature  as  to  cause  the 
clock  to  vary  one  second  per  day;  and  that  the  difference  of  the 
going  of  a  clock  in  summer  and  winter  is  daily,  on  this  account, 
about  6  sec.  On  this  principle  Harrison  constructed  his  self 
regulating  timepiece,  wherein  metals  oi  different  dilative  pro- 
perties are  so  dii^osed  and  adjusted  as  to  counteract  each  others 
effects;  and  thus  make  a  clock  or  any  other  chronometer  go  at 
the  same  rate  in  all  temperatures. 

A  great  many  natural  phenomena  depend  upon  the  expansion 
of  bodies  by  heat,  such  as  the  circulation  of  water  in  Uie  sea, 
evaporation,  and  some  winds.  But  water  has  a  wonderful  law, 
in  this  respect,  altogether  peculiar  to  itself;  which  is  attended 
with  such  astonishing  utility  as  is  alone  sufficient  to  stamp  the 
signature  of  infinite  wisdom  and  benevolence  on  the  contrivance. 
See  8. 8. 

4.   INSTRUMENTS  FOR  MEASURING  TEMPERATURE  AND 
SPECIFIC   CALORIC. 

Thb  I%ermometer,  Fig.  27,  is  an  instrument  for  measuring 
temperature,  or  that  quantity  of  active  caloric  which  a  body  parts 
with  to,  or  will  extract  from  another  presented  to  it  It  is  made 
by  putting  mercury  into  a  small  glass  tube,  that  has  a  bulb  at  its 
lower  end,  and  heating  it  till  it  boils.  The  heated  vapour  flying 
off  expels  the  air  from  the  rest  of  the  tube;  and  while  it  is  in 
this  condition  the  upper  end  is  closed,  or  welded  with  a  pair  of 
hot  pincers  or  a  spirit  lamp,  when  the  tube  is  said  to  be  herme- 
tically sealed.  For  graduating  the  scale  the  bulb  is  plunged  into 
melting  ice  or  snow,  when  the  mercury  shrinks  down  in  the 
tube,  and  the  place  whereat  the  surface  stands  Is  marked  as  the 
frtezmg  point  It  is  next  immersed  in  boiling  water,  and  the 
place  to  which  the  surface  now  ascends  is  fixed  as  the  baiUng 
point  The  space  between  these  two  points  is  divided  into  108 
deg.  But  it  was  afterwards  found  that  when  the  bulb^was  plunged 
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into  a  mixture  of  snow  and  salt,  the  surface  of  the  mercury  fell 
a  space  eqnal  to  32  of  the  above  degrees  below  the  freezing 
point.  This  point  was,  therefore,  assumed  as  the  lowest  degree 
of  cold  or  ZerOf  from  which  the  graduated  scale  now  commences. 
The  freezing  point  is,  consequently,  at  32  degrees,  and  the  boil- 
ing point  of  water  at  212  degrees.  This  instrument  is  called 
Fahrenheit's  Thermometer  from  the  name  of  the  inventor.  It  is 
the  one  chiefly  used  in  England,  and  the  one  alsrays  referred  to 
in  these  pages.  The  only  difierence  between  it  and  others  is  in 
the  numbering  of  the  graduated  scale.  In  it  1*8  degrees  are 
equal  to  one  degree  of  the  Centigrade  Thermometer,  and  2*25 
to  one  degree  of  Reaumur. 

The  Thermometer  is  sometimes  filled  with  alcohol,  coloured 
to  render  its  movements  visible.  In  very  intense  colds  alcohol 
is  preferable  to  mercury ;  for,  the  latter  becomes  solid  at  71  de- 
grees below  freezing  point,  but  the  former  if  pure  never  freezes. 

The  Thermo9capey  or  differential  thermometer  is  filled  with  air 
and  is  used  for  very  delicate  experiments :  serifonns  more  sensi- 
bly expanding  than  fluids.  It  consists  of  two  bulbs  filled  with  air, 
and  connected  by  a  capillary  tube  containing  a  little  sulphuric 
acid.  The  heated  body  is  placed  in  contact  with  one  bulb,— 
the  air  of  which  by  expanding  drives  the  liquid  towards  the 
other  bulb. 

The  Pyrotneter  was  contrived  bj  the  ingenious  Mr.  Wedgwood. 
With  it  he  could  measure  the  highest  degree  of  temperature, 
even  as  high  as  32,000  of  Fahrenheit.  It  was  efiected  by  a 
mixture  of  clays,  which  were  found  to  retain  some  particles  of 
water  till  they  arrived  at  the  above  temperature;  so  that,  as 
they  parted  with  the  aqueous  particles  they  contracted,  and 
perhaps,  shrunk  from  a  tendency  to  liquefaction.  Since  his 
decease  the  art  of  making  them  is  said  to  have  been  lost  One 
degree  of  Wedgwood  is  equal  to  130  of  Fahrenheit;  and  the 
scaJe  commences  at  1077  deg.  of  the  latter,  which  is  the  temper- 
ature of  red  hot  iron  in  day  light. 

Temperature,  as  indicated  by  the  thermometer,  is  no  proof  of 
the  real  quantity  of  caloric  which  a  body  contains,  but  only  of 
that  which  it  imparts  to  surrounding  bodies.  For  different 
bodies,  as  will  be  afterwards  shewn,  have  different  capacities  for 
caloric,  so  that  the  quantity,  required  for  raising  the  tempera- 
ture any  specified  number  of  degrees,  varies.  An  iq[»paratns 
called  a  Calorimeter  has  been  invented  to  ascertain  this  specific 
quantity.    The  bodies  heated  to  an  equal  temperature,  as  indi- 
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oatad  by  the  thennomeler,  are  placed  in  it  surrounded  with  ioe 
or  snow.  The  quantity  which  each  one  melts^  in  being  cooled 
to  a  certain  point,  indicates  &e  specific  quantity  of  caloric  it 
contained  for  the  given  degrees  of  temperature.  Yet,  neither 
this  nor  any  other  contrivance  can  enable  ns  to  ascertain  the 
real  qnantity  of  caloric  which  a  body  contains. 

5.   COMBINED  CALORIC  AND  COLD. 

Solids,  liquids,  and  SBriforms  contain  different  quantities  of 
calorio,  which  is  called  their  jpec|^c  caloric.  The  quantity  of 
caloric  in  ice  is  to  that  in  water  as  9  to  10.  If  a  pound  of  ice 
at  a  temperature  of  82deg.  be  mixed  with  a  pound  of  water  at 
172,  the  ice  will  all  dissolve,  but  the  water  will  indicate  a  tem- 
peratore  of  only  32deg.  Hence,  the  difference  of  the  quantity 
of  combined  caloric  in  ice  and  water  is  equal  to  what  would 
raise  the  temperature  of  water  to  140  degrees : — this  is  cidled  the 
caloric  of  fluidity. 

If  steam  at  212  deg.  be  mixed  with  six  times  its  weight  of 
water  at  02  deg.  the  steam  will  be  condensed,  and  the  tempera- 
ture of  the  water  will  be  about  212;  so  that  about  900  deg.  in 
this  ease  are  taken  from  the  steam  and  added  to  the  water. 
Bfr.  Watt,  by  heating  water  under  the  pressure  of  a  strong  iron 
vessel,  raised  its  temperature  to  400  deg.;  but  as  soon  as  the 
pressure  was  removed,  only  part  of  the  water  was  converted 
into  steam  or  vapour ;  and  the  temperature  of  this  steam,  as 
well  as  that  of  the  remaining  water,  was  only  equal  to  that  of 
boiling  water  or  212  deg.  As  much  caloric,  therefore,  as  would 
raise  the  water  188  deg.  became  latent  in  this  small  quantity  of 
steam.  From  these  and  other  experiments  it  is  calculated — that 
steam  contains  as  much  combined  caloric  more  than  water,  as 
is  equal  to  1000  deg.  of  specific  heat. 

Different  substances  have  various  capacities  for  caloric.  Thus : 
a  pound  of  water  at  100  deg.  mixed  with  a  pound  at  200  deg.  will 
produce  a  mean  of  150deg.  But  a  pound  of  water  at  lOOdeg. 
and  a  pound  of  mercury  at  200  deg.  will  make  a  mixture  of  a 
lower  temperature  than  the  mean  or  IdOdeg., — which,  shews 
that  mercury  has  a  much  less  capacity  for  caloric  than  water. 

Our  limits  of  producing  cold  are  much  more  contracted  than 
ttioae  in  which  we  can  produce  heat  A  crystallised  compound 
of  muriatic  acid  and  lime,  dissolved  in  pounded  ice  or  snow» 
will  sinkthe  alcohol  to  122deg.  below  freesing  point*    But  this 
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is  the  lowest  temperature  that  has  been  produced ;  while  heat 
has  been  measured  as  high  as  82,000  deg.  How  far  the  ther- 
mometer would  sink,  if  all  the  caloric  could  be  extracted  from 
ice,  we  cannot  tell ;  but  as  the  specific  quantity  of  combined 
caloric  in  ice  is  to  that  in  water  as  9  to  10,  and  as  this  one  part 
is  equal  to  140  deg.  so  the  remaining  part  may,  perhaps,  be  as- 
sumed as  equal  to  0  times  that,  which  would  be  equal  to  1200 
degrees. 

At  what  degree  the  thermometer- would  stand  at  the  poles,  is 
not  known ;  but  in  the  regions  round  Hudson's  Bay,  it  has 
been  known  to  fall  as  low  as  82  deg.  below  freeadng  point.  When 
stones  or  metals  in  these  temperatures  are  touched  with  any  of 
the  softer  parts  of  the  body,  the  heat  is  so  rapidly  absorbed  thtt 
the  flesh  becomes  instanUy  frozen  and  mortifled: — the  itying 
principle  being  wholly  extinguished.  In  these  regions  the  in- 
habitants shut  themselves  up  in  caves,  and  totally  exclude  the 
external  air.  Should  a  little  air  break  into  their  habitations, 
the  moisture  of  their  breath  immediately  falls  as  a  shower  of 
snow  to  the  ground ;  and  if  they  breathe  this  cold  bit,  their 
lungs  feel  as  if  they  were  torn  asunder.  The  most  intense  cold 
oyer  known  in  the  neighbourhood  of  London  was  on  December 
25th,  1796,  when  the  thermometer  fell  34  degrees  below  freesing 
point. 

The  temperature  of  the  human  body  is  98  deg.  which  is  called 
blood  heat.  And  this  temperature,  with  Tery  little  variation,  is 
the  same  in  all  climates,  and  at  all  seasons  of  the  year.  Any 
thing  at  a  temperature  above  this  we  call  hot ;  if  equal  or  nearly 
so  we  pronounce  it  warm ;  and  if  much  below,  we  then  say  it 
is  cold.  From  this,  and  what  has  been  said  upon  caloric,  it  is 
obvious  that  cold  is  not  a  substance,  but  only  a  mere  absence  of 
the  usual  quantity  of  heat;  and  that  the  word  cold  as  well  as 
the  word  warm  are  only  relative  terms,  and  frequently  convey 
no  very  definite  meaning ;  since,  what  we  call  cold  at  one  time 
we  frequently  pronounce  warm  at  another.  As  when  we  aay  of 
a  fountain,  that  it  is  cold  in  summer  and  warm  in  winter;  though 
the  temperature  both  of  the  water  and  ourselves  remain  the 
same : — that  of  the  atmosphere  alone  being  changed.  In  sum- 
mer the  air  conducts  little  caloric  from  our  bodies,  because  the 
temperature  of  the  atmosphere  and  that  of  our  bodies  are  some- 
times nearly  equal,  while  perhaps  that  of  the  water  is  about  60 
degrees ;  so  that,  when  we  dip  our  hands  into  it,  it  imparts  a 
great  sensation  of  cold ;  but  in  the  winter,  when  the  atmos- 
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pkeric  temperatare  is  at  or  below  the  freeaiig  point  or  SSdeg.^ 
the  mir  will  extract  a  great  deal  more  caloric  from  our  bodies 
tban  the  water,  which  has  the  same  temperature  as  in  summer; 
and,  therefore,  the  water  will  feel  comparativelj  warm. 

It  is  combined  caloric  that  gives  malleability  and  dnctilitj  to 
the  metals ;  for  in  intense  artificial  colds  the  most  ductile  and 
maUeable,  such  as  gold,  silver  and  lead  become  brittle.  The 
quantity  of  latent  caloric  in  iron  is  such,  that  when  a  piece  is 
smartly  hammered  for  a  short  time,  it  becomes  red  hot  by  rea- 
son of  the  latent  caloric  being  put  in  motion  or  beaten  out 
Hence,  by  too  much  hammering  this  metal  becomes  brittle  and 
loses  its  malleability ;  and  having  been  once  heated  by  hammer- 
ing. It  caimot  be  made  red  hot  a  second,  till  after  it  has  been  in 
a  fire. 

6.  RADIATION  AND  RBFLBCTION  OF  HBAT. 

Uncombimbd  caloric  never  rests  in  any  substance,  but  is 
continually  dispersing  itself  among  surrounding  bodies,  flying 
off  in  perpendicular  lines  from  the  surface  as  rays  of  ligbt 
dart  from  the  sun  or  a  lighted  candle,  and  it  is  therefore  said 
to  radiate. 

Different  substances  are  found  to  radiate  in  a  given  time 
diflferent  proportions  of  heat.  A  black  surface  will  radiate  more 
than  a  white  one ;  and  one  that  is  rough,  unpolished  and  dull 
will  radiate  more  than  one  that  is  smooth,  highly  polished  and 
bright.  Take  a  tin  canister  with  four  sides;  and  cover  the 
first  side  with  a  coat  of  black  paint ;  the  second  with  white 
paper ;  and  the  third  with  a  pane  of  glass  or  any  thing  very 
smooth;  and  let  the  fourth  remain  bright  tin.  Then  fill  the 
canister  with  hot  water,  and  turn  the  sides  successively  towards 
m  concave  mirror  with  a  thermometer  placed  in  the  focus ;  and 
Hie  tin  will  be  found  to  radiate  the  least,  the  black  the  most,  and 
the  white  more  than  the  smooth.  On  this  principle  vessels 
should  be  highly  polished  in  which  we  wish  to  retain  heat,  and 
stoves  and  -other  contrivances  for  warming  rooms  should  be 
coaled  with  black  paint ;  or  if  covered  with  black  lead  they 
•honU  remain  unpolished  at  the  places  where  the  heat  is  to  be 
principally  radiated.  Lamp-black  is  found  to  radiate  100,  black- 
lead  76,  polished  iron  15,  and  bright  tin  12. 

Heat  is  reflected  from  smooth  and  polished  surfaces  in  the 
same  manner  as  light,  (see  Chap  VIII.  s.  6);  and,  surfaces  are 
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found  to  reflect  it  in  tbe  inyene  proportion  to  that  in  which  ihtf 
radiate  it*  Should  pieces  of  ice  be  covered  aa  in  the  above  experi- 
ment,and  exposed  to  the  solar  rajs,  the  most  will  be  disscived 
beneath  the  black  surface,  proving  that  it  has  absorbed  the  most 
heat  and  reflected  the  least,  and  so  of  the  rest.  The  peasants, 
in  Switserland,  are  said  to  cover  the  snow,  that  lays  on  patches 
of  land  which  they  wish  to  cultivate,  with  black  cloth ;  so  that 
the  sun  may  the  more  readily  dissolve  it ;  and  some  hordoul- 
turists  in  England  blacken  the  walls  to  which  fruit  trees  are 
nailed,  and  thus  obtain  an  increase  of  temperature,  and  greater 
perfection  in  the  size  and  flavor  of  the  fruit. 

7.   TRANSMISSION  AND  THB  CONDUCTING  OP  HEAT. 

The  motion  of  caloric  through  bodies  is  of  two  kinds.  Through 
some  it  passes  very  swiftly,  and  is  said  to  be  tramsmitted;  but 
through  others  it  moves  remarkably  slow,  and  is  then  said  to  be 
conducted:  hence,  some  substances  are  much  more  rapidly 
heated  than  others;  and  those  that  axe  the  most  rapidly  heated 
are,  proportionately,  the  soonest  cooled.  **  If  slender  cylinders 
of  silver,  of  glass,  and  of  charcoal  of  equal  length  and  size  be 
held  in  the  central  part  of  the  flame  of  a  candle,  the  silver 
rapidly  becomes  heated  throughout,  and  cannot  be  held  in  the 
band;  the  heat  is  more  slowly  communicated  through  the 
glass;  but  the  charcoal  becomes  red  l|ot  at  the  one  extremity 
long  before  any  heat  is  felt  at  the  other.''  If  a  stone  or  a  mar- 
ble slab,  a  piece  of  iron,  a  carpet,  and  a  book  be  all  at  the  same 
distance  from  the  fire,  they  will  be  all  of  the  same  temperature 
as  indicated  by  the  thermometer ;  but  when  touched  they  will 
produce  very  different  sensations  in  the  hand.  Should  their 
temperature  be  lower  than  that  of  the  hand,  the  iron  will  fed 
the  coldest,  the  stone  the  next,  and  the  wood  of  the  table,  and 
the  leather  of  the  book  back  will  be  colder  than  the  carpet  But 
if  they  are  at  a  higher  temperature  than  the  hand,  the  iron  which 
before  was  coldest  will  now^  be  the  hottest,  and  so  of  the  rest 
proportionately.  In  the  former  case,  the  iron  conducted  the 
caloric  from  the  hand  the  most  rapidly,  and  caused  the  moat 
speedy  sensation  of  cold ;  but  in  the  latter  case,  it  imparts  it  to 
the  hand  the  most  readily,  and  therefore  causes  the  most  imme* 
diate  sensation  of  heat  But  should  all  the  substances  be  of  the 
same  temperature  with  the  hand,  then  no  difference  will  be  per- 
ceivable by  the  touch.    Gaseous  bodies  are  the  slowest  of  att* 
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condnotors,  and  they  coBunoaioate  it  as  dowlj  to  otiier  bodies. 
The  heat  of  metals  at  120deg.  is  scarcely  supportable;  water 
scalds  at  150  deg.;  bat  the  heat  of  air  at  240  deg.  has  been  en«^ 
dared  for  some  minates  in  a  room  artificially  heated. 

On  the  aboTC  principle  we  pat  wooden  handles  on  metallic 
tea-pots  and  other  atensils,  and  take  hold  of  moderately  hot 
iron  with  woollen  wrappers ;  also  wear  clothes  made  of  yarioas 
materials  according  to  the  weather  to  keep  as  warm.  WooBen 
is  a  slower  condnctor  of  heat  than  calico ;  and  calico,  than  Vammi 
and  therefore  clothes  of  the  first  material  are  preferred  for  Very 
cold  weather.  The  contrirance  of  natare  for  animals  as  spread 
over  the  sarface  of  the  globe  indicates,  in  this  respect,  the  result 
'of  the  most  consummate  wisdom  and  unbounded  benevolence. 
Under  the  torrid  zone  they  are  clad  with  hair,  because  hair  is 
ocmparatiTely  a  rapid  conductor  of  heat,  and  therefore  a  rery 
cool  clothing;  while  in  cold  climates  and  the  frigid  sones  they 
are  invested  in  fur  and  down,  the  slowest  of  all  conductors, 
which  for  that  reason  keep  the  body  quite  warm.  At  the 
approach  of  winter  some  animals  change  their  colour  to  white, 
which  farther  increases  the  non-conducting  power.  The  breasts 
of  water  fowl  are  closely  matted  with  down  to  protect  this  vital 
part  from  the  efiects  of  water,  which  is,  when  put  in  motion  by 
their  swimming,  a  most  rapid  extractor  of  heat 

In  general  the  denser  bodies  are  the  more  rapidly  they  con<^ 
duct  heat  Atmospheric  air  containing  so  little  matter  is  there- 
fere  a  very  slow  conductor;  and  it  is  supposed  that  the  particles 
of  air  occupying  the  interstices  of  soft  and  light  bodies,  such  as 
are  made  of  woc^l,  fur,  and  down,  prevent  the  heat  from  being 
conducted.  If  air  conducted  heat  as  rapidly  as  some  substances 
do,  in  winter,  when  we  are  inevitably  exposed  to  it,  it  would 
extract  coloric  so  rapidly  from  our  bodies  as  to  occasion  imme* 
diate  death.  In  high  northern  latitudes  where  the  cold  is 
such  as  to  solidify  mercury,  the  air  occasions  little  injury  to 
those  parts  of  the  body  exposed  to  it;  but  when  metallic  sab« 
stances  are  touched^  a  sensation  like  that  of  burning  is  experi* 
enced,  and  the  part  is  blistered.  Windy  weather  is  much  coldev 
than  calm;  for  when  the  air  is  still,  t^at  in  contact  with  the  bodj^ 
though  warm,  very  slowly  gives  place  to  that  which  U  cold ; 
but  the  wind  is  continually  dispersing  it,  and  presenting  a  cold 
stream  which  rapidly  extracts  fresh  caloric:  so  that  while  the 
thermometer  shews  no  difierence  between  a  calm  and  a  windp  the 
human  frame  is  sensible  of  a  very  great  one. 
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Water,  and  all  fluids  are  stow  condaotors  of  heat ;  Imt  when 
water  is  in  motioil  it  extracts  it  rapidly.  Indeed  when  it  is  still, 
it  is  so  slow  a  conductor,  that  it  has  been  disputed  whether  it 
conducts  it  at  all.  We  place  a  pan  on  the  fire  and  heat  the  water 
till  it  is  all  hot-  If  water  is  so  slow  a  conductor  how  comes 
this  to  pass  f  The  heat  enters  at  the  bottom,  and  the  particles 
of  water  in  contact  with  it  are  expanded  with  the  presence  of 
caloric.  Their  specific,  gravity  then  becomes  mnch  less  than 
the  other  particles  of  water  in  the  pan,  and  they  immediately 
rise  to  die  surface.  Colder  ones  then  come  in  contact  with^the 
bottom,  and  suffer  the  same  fate.  This  succession  and  alterna- 
tion go  on  till  the  whole  arrives  at  the  temperature  of  boiling 
water  or  21^deg.  Here,  then,  the  circulation  ceases  till  the 
particles  at  the  "bottom  have  taken  in  their  1000  degrees  of  latent 
caloric,  when  diey  become  suddenly  expanded,  and  occupy  800 
times  their  original  space ;  but  they  are  then  800  times  lighter, 
and  they  come  rapidly  to  the  top  in  bubbles  and  fly  off.  In  their 
ascent  from  the  bottom  of  the  water  to  the  surface  with  their 
bulk  thus  enlarged,  they  occasion  that  bubbling  motion  which 
we  call  ebuUitUm  or  boiUng.  Was  it  not  that  each  succession  of 
these  particles  has  to  remain  at  the  bottom  to  combine  with  the 
1000  degrees  of  specific  caloric,  as  soon  as  the  boilii^P  com- 
menced the  whole  of  the  water,  instead  of  taking  a  long  time  to 
ersporate  or  boil  away,  would  be  at  once  precipitated  from 
the  pan. 

Should  the  heat  be  applied  to  the  surface  of  the  water  ^he 
result  would  be  very  different  The  expanded  or  light  particles 
will  not  descend.  Water  has  been  evaporated  by  heat  applied 
to  the  surface  of  a  pan  of  water,  while  a  cake  of  ice  remained 
unaltered  at  the  bottom.  However,  this  only  proves  that  water 
does  not  conduct  heat  so  rapidly  as  might  be  expected  from 
seeing  it  on  the  fire.  If  evaporation  be  prevented  by  heating 
water  in  a  close  vessel,  the  heat  will  be  conducted  nearly  ia  the 
same  manner  as  in  solid  bodies  of  equal  density;  and  water 
may  thus  be  marie  red  hot;  but  as  long  as  the  surface  Vi  open 
the  vapour  carries  of  the  caloric,  so  that  it  is  impossible  to  raise 
the  temperature  of  the  water  in  an  open  vessel  higher  than  2  Id 
degrees.  When  large  boilers  are  to  he  heated  with  steam,  it  is 
always  necessary,  therefore,  to  apply  the  steam  to  the  bottom 
of  the  vessel. 

The  water  of  the  ocean  regulates  the  extremes  of  atmospheric 
temperature*    It  is  ascertained  that  the  summer  heat  never 
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ne^er  peoetrates  deeper  into  tbe  earth's  sarface  than  from  15 
to  20  inches.  Bat  it  is  not  so  with  the  troubled  mass  of  waters 
in  the  mighty  ocean.  In  summer  the  temperature  of  the  sea  is 
always  lower  than  that  of  the  atmosphere,  and  therefore  the 
water  rapidly  absorbs  the  caloric  from  the  contiguous  air ;  and 
by  the  agitation  of  the  tides  and  other  causes,  the  warm  and  the 
cold  water  is  blended  even  to  the  depth  of  the  ocean.  But  in 
winter  the  temperature  of  the  sea  is  very  often  above  that  of 
die  atmosphere : — in  this  case  the  latter  absorbs  caloric  from 
the  former,  and  a  circulation  takes  place  in  the  water.  The 
particles  at  the  surface,  having  lost  their  caloric,  descend  to  the 
bottom,  and  warmer  ones  ascend ;  and  this  continues,  with  cer- 
tain limitations,  throughout  a  great  part  of  the  winter.  Hence, 
near  the  sea  the  air  is  always  cool  in  the  hottest  day  of  summer, 
and  snow  never  continues  long  upon  the  ground  in  the  coldest 
part  of  winter.  It  is  supposed  that  a  continual  interchange  be- 
tween the  waters  of  the  oceans  lying  under  the  (ori^d  and  frigid 
sones  is  constantly  going  on ;  and  that  many  of  the  currents, 
found  in  the  intervening  seas,  are  thereby  occasioned.  The 
stream  from  the  Gulf  of  Mexico,  called  the  gulf  stream,  is 
found  among  and  northward  of  the  Bahama  isles  1000  miles 
from  its  source,  to  increase  the  temperature  of  the  sea. 

8.  THE  PECULIAR  LAWS  OF  WATER. 

If  we  place  before  the  fire  a  vessel  filled  with  pounded  ice  or 
snow  with  a  thermometer  in  it,  the  mercury  will  gradually  rise 
to  32deg.  and  there  make  a  stand;  and  though  the  ice  is  still 
receiving  new  accessions  of  caloric,  the  thermometer  will  rise 
no  higher  till  the  whole  of  the  ice  is  melted,  or  till  it  has 
acquired  the  140 deg.  of  specific  heat,  when  it  will  begin  to  rise 
gradually  as  before.  From  this,  it  appears,  that  ice  contains 
much  less  absolute  heat  than  water  of  an  equal  temperature; 
and  in  this  peculiar  circumstance  we  have  a  wonderful  display 
of  infinite  wisdom  in  the  contrivance  of  the  Great  Creator.  For 
if  ice  or  snow  had  melted  as  soon  as  it  attained  the  temperature 
of  32  deg.  without  any  further  acquisition  of  caloric,  when  the 
atmosphere  in  the  spring  arrived  at  that  temperature,  the  whole 
mass  of  anow  deposited  during  the  winter  in  cold  regions  would 
have  almost  instantaneously  dissolved,  and  carried  a  deluge 
along  with  it, 
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While  every  other  sah^taiice  in  nature  expands,  as  its  tem- 
perature is  increased  from  the  lowest  po^nt  to  the  hig)^/BSt;  and 
diminishes  in  hulk,  as  the  temperature  is  diminished  from  the 
highest  point  to  the  lowest ; — water  alone  has  its  own  peculiar 
Jaws,  and  forms  an  eiLception  to  this  general  rule.  Its  greatest 
density  i%  at  42ideg.:  and  whether  it  is  heated  a  certain  numher 
of  degrees  ahove,  or  cooled  a  corresponding  numher  helow,  it 
expands, — and  that  in  equal  degrees.  This  is  another  wonder- 
iul  contrivance  of  fnfioite  Wisdom;  for,  if  water  still  continued 
to  contract  its  hulk  or  increase  its  density  when  it  was  cooled 
below  this  temperature  of  42i  deg.  the  cold  particles  of  the  sur- 
face would  descend  to  ^e  hottom,  and  the  wholip  mass  of  water 
on  the  face  of  the  earth  would  hecome  one  body  of  ice,  which 
no  summer'^  heat  could  dissolve.  But  by  this  simple  contrivance 
the  circulation  ceases  when  the  water  is  cooled  as  low  as  42i 
degrees.  And  when  it  is  cooled  to  32 deg.  the  frpeang  oom- 
mences  with  the  partides  at  t^e  surface.  4't  the  moment  that 
any  part  is  congealed,  ^e  paloric  of  fluidity  pr  140 deg.  of 
speci6c  heat  is  give^  out  to  t^e  air  above  a^4  ^ater  below;  and 
a  sheet  of  ice,  which  is  a  bftd  cpnduptor  of  heat,  being  now 
interposed  between  the  irater  ai^d  the  atmosphere,  th^  procass 
of  congelation  proceeds  ve^y  s|ow|y ;  especially  as  t^e  ice  ninst 
now  be  formed  beneath  the  sheet,  that  prevents  the  escape  of 
the  caloric  of  flui<^ity  Uf  tb^  cold  air.  Sea  w^jr  does  not  con- 
geal till  it  is  cooled  down  to  28ideg.,  or  3ideg.  below  the 
freesing  point  of  fresh  ^ater;  and  here  we  have  ja  contipnal 
source  of  caloric  to  the  atn^osphere,  when  all  other  parts  of  t^e 
earth's  surface  are  bound  up.  This  is  one  advantage  resulting  froB) 
it,  besides  the  more  obvious  one  in  a  commercial  point  of  view« 

When  the  atmospheric  temperature  descends  below  the  frees- 
ing point,  the  vapour  that  is  hovering  in  the  air  becomes  con- 
gealed ;  and  the  frozen  particles,  descending  to  the  earth,  come 
in  contact  with  each  odier  and  form  flakes  of  snow.  During 
this  congelation  a  great  deal  of  caloric,  viz.  that  of  t|uidity»  is 
set  at  liberty  from  the  vapour ;  hence,  we  generally,  and  «i)ways 
w^EI  there  is  no  wind,  ^d  it  warmer  after  a  f^U  of  snow.  See 
Chap.  XVI.  s.  10. 

Walter  in  freezing  csysWlu^  V^  filaments,  which  9fe  ^f^ 
f)(>nnly  joined  at  right  angles  pf  00  or  120  deg.  These  I^sts 
interstices  between  t^em  supp9se,d  to  be  filled  with  Mr,  of  which 
water  is  known  to  contain  a  considerable  quantity.     lo^,  there- 
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fore,  occupies  a  Urger  ilpace  than  (he  water  ttolai  which  it  was 
formed,  and  (bh  inci'ease  is  nearly  ^qual  in  fresh'  water  ice  to 
abont  one  palt  in  15  of  the  water  ;  the  ipecific  gravity  therefore 
of  ice  to  that  of  water  is  as  15  to  l6;  consequently  a  pi^ce  o^ 
ie«  wiD  always  swim,  and  that  with  one>siiteentli  of  its  bulk 
above  the  surface  of  the  if  ater,  and  the  other  15  betow.  But 
ice  formed  from  sea  water,  though  it  contains  no  salt,  has  a  less 
specific  gravity :  being  to  that  of  the  water,  as  9  to  10.  The 
extent  of  ice  bergs  are  guessed  at  on  ihts  principle ;  some 
of  which,  in  the  neighbourhood  of  Hudson's  Bay,  have  elevated 
tke^  heads  5  or  600  yards  above  the  surface  of  the  ied. 

Wilter,  ^bile  freezing,  eitpands  with  a  force  that  no&ing  6an 
resisU  The  expanstte  power  of  one  cubic  hich  will  rdse  a 
Weight  of  14  tons.  A  ciannon  was  burst  by  being  filled  widl 
wat^r,  and  exposed  to  the  frost  #iA[  its  vents  properly  secured. 
Ia  large  ritei^s  around  Hudson^s  Bay,  the  ice  is  soni6tMei 
b¥olifeafr  by  the  expansion  of  that  beneath  #hite  in  the  act  of 
(oHaiHg;  rotiksafe  upliflied  in  ebiifiised  heaps,  and'  beabus  ill 
the  faoiMes  aVe  split  #rth  loud  expForions.  In  severe  fros&, 
even  m  our  own  oUmi^,  treeij  aii'e  oftete  SpHC ;  and  hu^e  masset 
of  rock,  thus  rent,  ar6  freq^Afly  tuinbled  do^n  trdHi  &e  cfAggy 
teips  of  high  mount^ns,  carrying  terror  and  devastation  along^ 
#hh  Aem.  In  the  same  manner  frost  lightens  the  surface  of^ 
the  earth.  Water,  haVing  penetrated  the  glebe,  expands  in 
freezing,  anid  destroys  the  adhesion  among  the  t^ren^  particles; 
S6  dmt  when  thaw  succeeds  the  soil  is  pulverized.  Vegi^tabl^S, 
dl  of  wfaicli  contahi  some  water,  snfier  in  frost  by  the  expansion 
of  the  water  destroying  their  texture.  However  the  acjpiedus 
flaMcles  are  S6  thinly  dispersed  in'  plants,  that  if  they  be  Very 
dowly  thawed,  az  l^  carefully  spr^klfo^  cold  water  upon  them 
beftitb  the  sun  ris^s,  tHey  witf  suffbr  vtHy  little. 

It  IS  a  woUderfU  provision  of  nature,  tliat  the  Mrater  held  in 
Solution*  itk  the  air  should  congeal  and  descend  as  soon  as  dve 
atmospheric  tem)peratu1re  ii  below  the  freezing  point.  For  the 
snow,  by  its  gentle  descent,  is  laid  so  lightly  upon  the  earth  as 
to  filchide  a  great  deal  of  air ;  and  as  air  is  a  very  slow  conduc- 
idr  of  heat,  it  acts  as  a  warm  carpet.  Snow  never  cboM  lb#er 
than  the  freezing  point ;  and  as  th^  eardi  is  only  at  ^s  tenipbt- 
ainre  When  the  snbw  Ascends,  consequentty,  R  remains  so  even 
ii  the  loiTest  atihbs^heric  temperatures;  imi  iii  Russia  the 
thermometer  will  sometimes  fall  70deg.  below  the  freezing  point 
Here  we  se<i  ho^  provident  flie  Author  of  Natur<i  is  for  all  her 
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producdoiis.  By  this  simple  contrivance,  when  the  thermometer 
indicates  such  a  temperatnre  as  would » were  they  exposed  to  it, 
destroy  the  roots  of  all  the  tender  plants  with  which  the  earth  is 
in  spring  and  summer  bedecked,  she  is  enabled  to  cover  them 
up,  and,  as  a  hen  gathers  her  chickens  under  her  fostering  wings, 
preserve  them  with  a  parental  care  in  a  place  of  comparative 
warmth. 

9.  THE  MECHANICAL  PBOPBRTIfiS  OF  STEAM. 

If  we  place  upon  the  fire  an  open  vessel  of  water  with  a  ther*' 
mometer  in  it,  the  mercury  will  rise  gradually  to  212  deg.  but  no 
higher :  all  the  fresh  acquisitions  of  caloric,  r.fterwards  derived 
from  the  fire,  become  latent  in  the  steam.  By  the  presence  of 
this  caloric  the  water  now  taking  the  aeriform  state  is  increased 
in  bulk  800  times.  But  if  this  steam  is  confined,  and  still 
heated  to  3  or  400  degrees,  it  will  require  a  space  to  expand  in 
equal  to  1400  times  that  of  the  water ;  and  what  is  very  remark- 
able in  this  case,  it  does  not  impart  any  sensation  of  heat  to  the 
hand.  The  workmen  are  under  no  apprehension  of  being  in- 
jured by  steam  under  a  pressure  of  this  temperature ;  whereas 
at  212  deg.  it  would  scald  dreadfully.  No  satisfactory  solution 
has  been  given  of  this  phenomenon ;  most  probably,  as  this  is 
the  bulk  of  its  component  gases,  the  water  is  decomposed  into 
its  elements,  and  the  caloric  into  its  electric  fluids ;  when  the 
negative  electricity  of  the  caloric  unites  with  the  oxygen  of  the 
water  to  form  oxygen  gas ;  and  the  positive  electric  fluid  com- 
bines with  the  hydrogen  to  form  hydrogen  gas. 

It  was  once  said  that  water  was  incompressible  and  without 
elasticity.  The  Florentine  academicians  filled  a  hollow  globe 
perfectly  full  of  water,  and  submitted  it  to  a  very  powerful  pres- 
sure, even  till  the  water  oozed  through  the  pores  of  the  metal 
and  stood  as  dew  upon  the  outside;  but  there  appeared  no 
diminution  of  bulk.  However  it  is  now  found  to  be  compressi- 
ble in  a  very  small  degree.  At  the  depth  of  one  hundred  miles, 
it  has  been  calculated  that  its  density  would  be  double  :  and  at 
twice  that  depth  quadruple.  But  steam  is  very  compressible 
and  very  elastic ;  that  is,  it  may,  like  atmospheric  air,  be  forced 
into  a  less  space ;  but  while  the  temperature  remains  the  same, 
it  is  always  ready  to  expand  with  the  same  force  that  compres- 
ses it. 

A  cubic  inch  of  water  will  expand  into  Q  or  14  hundred  cubic 
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inches  of  steam ;  and  a  onbic  inch  of  gnnpowder  will  make  1000 
cnbic  inches  o/  elastic  seriform  substances ;  but  water  raised 
into  steam  is  said  to  be  28  times  stronger  than  gunpowder;  that 
is,  if  an  ounce  of  gunpowder,  fired,  will  raise  a  weight  a  certain 
height  and  hold  it  there,  the  same  quantity  of  water  converted 
into  steam  would  raise  28  times  the  weight,  and  suspend  it  at 
the  same  height :  or  an  ounce  of  steam  by  its  elasticity  will  give 
a  ball  as  much  momentum  as  28  ounces  of  gunpowder. 

The  Steam  Engine,  **  The  triumph  of  mechanics,  and  the  most 
valuable  present  philosophy  ever  made  to  the  arts,"  is  an  appli- 
cation of  this  expansive  force  of  water,  while  assuming  the  aeri- 
form state  by  its  union  with  caloric,  to  the  impulse  of  machinery. 
It  consists  of  a  large  boiler  in  which  the  water  is  exposed  to 
the  heat.  A  tube  communicates  with  this  boiler  and  a  cylinder. 
Within  the  cylinder  is  a  piston  which  fits  so  accurately  that  no 
steam  can  escape;  yet  so,  that  it  may  move  freely  up  and  down. 
By  means  of  a  valve  or  stop  cock  that  opens  and  shuts  with  the 
machinery,  a  little  steam  is  admitted  into  the  cylinder  beneath 
the  piston,  which  by  its  expansive  force  gives  the  piston  the 
upward  stroke.  When  it  has  risen  to  a  certain  height,  another 
valre  is  opened,  which  permits  the  steam  to  espape  into  a  large 
cooler  where  it  is  met  by  cold  water  and  condensed,  so  that  the 
piston  falls.  But  at  the  same  time  that  this  last  valve  opens  for 
the  escape  of  the  steam  below,  another  valve  opens  above,  that 
admits  steam  into  the  cylinder  on  the  upper  side  of  the  piston 
and  gives  it  the  down  stroke.  By  this  means  a  rod  fixed  to  the 
piston  is  moved  up  and  down  in  a  rectilineal  direction,  and,  being 
attached  to  a  horizontal  beam  that  works  in  the  manner  of  a 
lever,  it  communicates  motion  to  the  whole  machinery. 

The  power  of  steam  is  not  limited.  It  performs,  provided  the 
machinery  and  heat  are  proportionate,  the  work  of  one  horse 
or  that  of  a  thousand  with  the  same  ease.  In  a  well  constructed 
engine,  where  the  steam  is  permitted  to  escape,  a  bushel  of  coals 
will  do  the  work  of  ten  horses  for  an  hour.  In  some  engines  on 
a  small  scale  alcohol  is  used ;  and  as  its  vapour  is  not  idlowed 
to  escape,  a  small  quantity  will  serve  a  long  time;  and  being 
raised  into  vapour  at  a  less  temperature,  than  water,  there  is  a 
considerable  saving  of  fuel. 

When  a  very  great  power  is  required,  as  when  water  is  to  be 
drawn  out  of  very  deep  mines,  steam  heated  to  above  the  usual 
temperature  of  212 deg.  or  till  the  water  expands  to  1400,  is 
iometimes  used.     These  are  called  high  preisure  enginei;  and  - 
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ate  very  daHgdi^oas : — it  being  difficult  to  maimge  tbe  safety  vahe^ 
aiid  construct  die  bofiers  of  sufficient  strength. 

10.  Ef A^OllAflOK. 

TfitcnTGH  water  eraporates  so  rapiAy,  #1leta  raised  to  tfie  fem* 
peratdre  of  ^12deg.;  we  are  not  to  suppose  (bat  this  is  the  only 
time  when  it  assnanres  the  SDrifortn  ^a^.     It  e^porales  less  or 
idore  at  adi  temperattures  above  freezing  point,  or  when  the  tem- 
perature of  the  surface  of  the  ground  is  higher  than  Chat  of  the 
air ;  and  this  it  generally  is  in  the  daytime,  especiaHy  if  the  sun 
shine.    For  it  is  found  that  the  rays  of  the  sun  do  not  produce 
heat  till  they  meet  with  a  proper  medium ;  so  that  in  the  hot^ 
test  day  of  stimmei',  at  ail  elevation  of  less  than  two  miles,  the 
therAionieter  would  falTto  dre  freezing  point.     It  is  also  found 
tlmt  a  cubic  foot  of  atmospheric  air,  at  a  temperature  of  Wdegi 
htn  a  capacity  for,  or  will  hold  in  solution  11  or  12  gl*ain^  of 
v^er  dissolved  in  vapotrr';  thottgfa  it  i^  seldom  found,  plrinoi- 
ptAy  for  want  of  temperature,  to  contain  more  than  5  or  6  grains. 
The  rays  df  the  stin,  then,  cbnicentrated  at  the  ea^ih's  surfince, 
which  is  a;  proper  m^diiim  for  producing  heat,  raise  its  t6^6r- 
utttte^  and  that  of  the  ce'ntiguous  air,  considerably  above  die 
ikiiip&cBtttre  of  the  raofd  elevated  air ;  and  the  caloric,  c6ia^ 
bining  \^!th  tU^  particles  of  watery  gives  them  the  repulsive  pro- 
perty oreicpansion  of  bnlk  essential  to  vapour,  and  causes  them 
id  aiscend.    Evaporation  will,  therefore,  be  regulated  according 
to  the  qu^ntity^  of  vapour  already  in  the  air,  for  it  only  takes  up 
vi^ptbuf  according  to  its  capacity.     In  a  calm  day  the  stratum  of 
air  next  the'  e^arth's  su^ce  becomes  filled  with  vapour,  ilnd  die 
[/roce^  is  slow ;  but  when  there  i^  A  brisk  gale,  this  stratuu  is 
Mended  with  t^e  rest,  and  a  comparatively  empty  portton  is 
(^bfitinudly  presented ;  so  that  the  work  of  evaporati6n  f/toc6^dA 
apace. 

The  quandty  of  water  evaporated  in  a' dry,  hot  summer's  dmy, 
id  equal  to'  a  dieet  of  one  fiMi  of  an  inch  in  thickness.  ^Iftishop 
Watson  calculated,  froih  experintents  made  by  inverting  a  large* 
dunking  ^ass  over  a  dose  mown  grass  plot,  and  carefully  col- 
lecting the  vapour  attached  to  the  inside,  that  an  acre  of  land, 
eveh  M^en  the  earth  has  been  long  patched  widi  drought,  will, 
eixkit  in'  twelve  hours  of  a  summer's  day,  in  the  state  of  vmpour 
1,600*  gallons  of  water.  In  the  temperate  2ones,  about  four  dmes 
as  much  is  evaporated  in  the  summer  halfyearasin  the  widter 


Digitized  by  VjOOQIC 


EFFROre  OF  OAU>RIC.  136 

bftlf.  From  experimeiiU  aiAde  at  Lirerpool  and  MaachesUr,  it 
appeared  that  86}  inches  were  annnall j  evaporated  at  die  former 
|dace,  and  only  25inohe9  at  the  latter.  Liverpool  being  on  the 
9ea  shore  will  have  much  more  rain  than  Manchester,  which 
cireum^ance  will,  perhaps,  account  for  this  disparity.  From 
the  sea  and  inland  sheets  of  waier,  it  has  been  said  that  evapo- 
ration ia  frequently  six  times  greater  than  it  is  from  the  land. 

The  evaporation  in  the  torrid  sone  is  mnch  greater  than  in 
any  of  the  other  zones ;  so  that  36  inches  have  been  assumed  as 
the  mean  depth  of  water  evaporated  from  the  whole  surface  of 
the  globe.  This  wiU  give  94,460  cubic  miles  of  water,  which 
are  annually  raised  into  the  atmosphere;  and  which  must 
descend  in  dew,  rain,  snow  and  hail.  If  this  prodigious  mass 
jof  water  was  to  renuun  in  the  air  all  at  once,  it  would  inereasa 
the  atmosphere  about  one-twelfth,  and  rlise  the  barometer  about 
i  inches.  But  as  a  day  never  passes  without  rain  in  many  parts 
iof  the  earth,  so  the  atmosphere  is  continually  discharging  its 
load.  It  is  calculated,  that  thfo  atmosphere,  under  the  torrid 
fone,  seldom  contains  more  vapour  than  is  equal  to  six-tenths 
of  an  inch  of  mercury  in  the  barometer;  and  tiiat,  with  us,  it 
rarely  exceeds  five-tenths  in  summer ;  and  one-tenth  is  assumed 
as  die  average  quantity  in  winter.  Though  we  say  that  at- 
mospheric air  has  a  capacity  for  vapour ;  yet  it  always  increases 
die  extent  of  any  portion  of  air  by  th^  whole  measnre  of  its  own 
bulk;  and  being  lighter  dian  atmospheric  air,  in  the  proportion 
of  10  to  12;  it,  therefore,  ascends  till  it  arrives  fit  a  place  of  its 
own  density,  and  is  there  collected  into  clouds  by  electricity; 
dioug^  it  frequently  remains  dispersed,  and  is  then  invisible. 

As  a  proof  that  evaporation  exists  to  the  extent  we  have 
assigned  to  it,  the  Mediterranean  is  supposed  to  lose  by  it,  all 
the  water  it  receives  by  the  Dardenelles  from  the  Black  sea; 
into  which  the  Danube,  the  Neiper,  the  Neister,  tiie  Bog  and 
some  other  rivers  empty  themselves.  Besides  these  are  the  Nile 
die  Po,  the  Tiber,  the  Rhone,  and  several  other  minor  rivers  all 
emptying  themselvfis  into  die  Mediterranean;  the  watery  of  all 
wUch,  even  for  the  supply  of  all  these  rivers,  must  again  ^ vib- 
rate. There  is  also  a  strong  current  from  the  Adantic  thvamgh 
the  straits  of  Gibraltar  into  the  Mediterraaaan;  but  it  seems 
donbtii|^  whether  there  is  not  a  counter  cnnreBt  beneath  the 
upper  onfi,  from  the  Mediterranean  into  Ae  Adsntic.  Hov^ 
ever  leaving  this  point  undetermined,  the  ovsean  under  the  topr^ 
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rid  zone  mast  hourly  impart  its  millions  of  gallons  to  tbe  heated 
atmosphere. 

Many  important  operations  depend  npon  evaporation.  By 
it,  the  produce  of  the  earth  is  brought  into  a  fit  state  for  laying 
in  store  for  the  winter;  com  is  dried,  hay  is  made,  and  fruit  is 
matured ;  and  among  the  common  cdnveniences  of  life  depending 
on  evaporation,  is  one  of  no  small  importance,  viz,  the  drying 
of  our  clothes  after  they  have  been  washed. 

Evaporation,  as  we  have  already  said,  carries  off  vast  quan- 
tities of  calpric.  By  it  a  man  may  be  frozen  to  death  in  the 
hottest  day  of  summer ; — the  hotter  the  day,  the  quicker  the 
process.  For,  by  dressing  him  in  flannel  moistened  with  ether, 
and  exposing  him  to  the  rays  of  the  sun,  at  the  same  time 
sprinkling  him  with  more  ether,  the  evaporation  will  be  so  rapid, 
and  the  quantity  of  caloric,  extracted  from  his  body  to  form  the 
vapour,  so  great,  that  he  will  be  shortly  deprived  of  that  portion 
of  vital  heat  essential  to  existence.  The  experimenf  may  be 
less  dangerously  tried  by  wrapping  a  bottle  of  water  in  lint  dipt 
in  ether  and  exposed  to  the  sun,  when  the  water  will  soon  be 
frozen ;  but  more  speedily  so,  if  the  bottle  be  first  scratched 
with  a  flint-stone  or  diamond. 

The  loss  of  heat,  by  evaporation,  is  very  beneficial  to  man- 
kind, especially  to  the  labouring  classes; — for,  was  not  the 
caloric  dissipated  by  perspiration  we  should  faint,  or  die  of  ex- 
cessive heat  under  any  great  bodily  exertion.  Hence,  we  often 
feel  very  uneasy,  or  a  feverish  sensation  of  heat  a  few  minutes 
previously  to  perspiration  ;  especially  if  it  is  produced  by  a  sud- 
den transition  from  a  cold  to  a  heated  atmosphere,  or  by  sudden 
and  violent  exertion.  Persons  in  a  fever  never  perspire,  or  if 
they  do  it  brings  relief. 

Labouring  people,  exposed  to  the  heat  of  the  sun  or  diat  of 
large  fires,  find  much  relief  from  drinking  copiously  of  water  or 
any  other  dilute  beverage;  for,  the  more  they  drink  the  more 
profuse  is  perspiration;  and,  consequently,  the  greater  is  the 
quantity  of  caloric  carried  off  from  their  bodies.  On  the  same 
principle  water  quenches  fire.  The  water  being  raised  by  heat 
into  vapour;  and  the  vapour  requiring  such  a  quantity  of  caloric 
with  which  it  combines  and  flies  off,  that  the  fire  is  dissipated. 
But  for  reasons  that  can  only  be  explained  on  chemical  princi- 
ples, a  very  small  quantity  of  water  will  rather  increase  the 
raging  of  fire  than  restrain  it: — the  experienced  fireman  is 
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Well  aware  of  this,  and  never  directo  the  water  from  his  engine 
to  the  hottest  place. 

In  India  and  China  the  wealthy  have  their  houses  for  summer 
residence  open  at  the  sides : — the  roofs  being  supported  on  pil- 
lars. Curtains  are  substituted  for  walls,  which  their  slaves  con- 
tinually sprinkle  with  water ;  so  that  a  constant  evaporation  is 
iept  up,  that  carries  off  the  internal  heat,  and  the  apartments 
are  rendered  cool  and  refreshing.  Vessels^  called  by  the 
Spaniards  acarrazas,  made  of  porous  earth  are  now  used  for 
cooling  wine.  They  are  first  steeped  in  water,  with  which  the 
porous  materials  become  saturated  ;  the  wine  with  the  bottle  is 
then  placed  inside  the  empty  vessel,  when  the  water,  evapo- 
rating, carries  off  the  surrounding  heat.  A  person  sitting  in  wet 
tilothes  catches  cold  by  the  water  carrying  off  too  much  vital 
heat ;  could  he,  in  such  a  condition,  be  cased  up  so  as  to  pre- 
▼ent  evaporation,  it  is  supposed  he  would  receive  no  injury. 

As  steam  thus  carries  offbeat,  so  does  it  as  faithfully  conduct 
it,  and  carefully  deposit  it  in  any  place  required.  It  is  now 
employed  in  a  vast  variety  of  operations,  with  a  great  saving 
of  fuel,  and  without  any  hazard  from  fire.  Steam  will  heat 
nothing  hotter  than  2l2deg.;  so  that,  in  several  of  the  arts,  such 
as  makkig  gunpowder,  or  where  oil  is  to  be  used  at  the  hazard 
of  boiling  over,  in  drying  malt,  heating  large  boilers  (20  or  30 
of  which  may  be  kept  at  a  boiling  heat  by  the  steam  of  one 
boiler,)  or  even  in  cooking  by  what  are  called  steam  pans  or 
kitchens,  it  is  of  the  greatest  possible  utility ;  and  in  a  short  time 
as  prejudice  gradually  gives  way  to  reason,  will  no  doubt  be 
rendered  more  generally  useful. 

11.  WIND. 

Wind  is  the  motion  of  the  atmospheric  air,  either  forced 
from  its  equilibrium  or  endeavouiring  to  regain  it.  There  are 
three  principal  causes  of  wind ;  viz.  Jirsty  rarefaction  by  heat 
or  the  presence  of  the  sun's  rays,  and  the  consequent  condensa- 
tion by  cold  or  their  absence;  cecoful,  the  loading  of  the  air  by 
evaporation,  and  the  vacuum  caused  when  the  vapours  are  pre- 
cipitated in  rain,  (see  Chap.  VII.  s.  8);  thirds  Electricity,  (see 
Chap.  XYI.  s.  11).  The  winds  depending  on  the  first  cause 
are  regular ;  but  those  depending  on  the  other  two  are  irregular. 

Wind  in  our  climate  is  proverbially  vnGertain,  and  its  origin 
very  difficult  to  ascertain;  but  however  this  latter  may  be,  the 
former  only  applies  to  some  regions  of  the  earth;  for,  within  the 
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tropics  or  even  as  far  as  dOdeg.  <eaeh  side  of  the  eqitator>  and 
in  some  countries,  at  certain  seasons,  to  a  mnoh  greater  distance, 
the  European  adage  might  be  inverted  into,  ''as  certain  as  the 
wind  ^  so  determined  are  its  periodical  changes.  These  are  the 
winds  depending  on  the  heat  of  the  sun;  and  they  always  blow, 
either  from  east  to  west,  or  from  a  colder  to  a  warmer  region. 

Atmospheric  air  is  known  to  expand  considerably  by  heat; 
therefore,  that  part  on  any  given  portion  of  the  earth's  surfmce 
where  the  sun  is  vertical,  will  be  greatly  heated  and  expanded 
every  day  when  the  sun  comes  to  the  meridian,  and  its  specifie 
gravity  diminished  in  the  inverse  ratio  of  the  expansion.  It 
eannot  displace  the  lateral  colder  air ;  but,  on  Uie  cootnury, 
will  be  displaced  by  it,  and  must  consequently  rise  opwards: 
d^e  cold  lateral  air  taking  its  place.  There  will,  therefore,  be 
a  strong  current  of  the  cool  air  from  all  sides  to  the  heated  pait 
of  the  earth's  surface.  Now  as  the  progress  of  the  sun  orer 
the  earth's  surface  is  at  the  rate  of  about  1000  miles  per  hour ; 
and  the  swiftest  wind,  even  thai  of  a  hurricane.  Is  calculated  to 
move  only  at  the  rate  of  100  miles  per  hour;  consequently,  die 
sun's  motion  wtU  be  too  rapid  for  the  air  to  rush  into  hb  rarefied 
path  from  the  western  side.  But  as  hb  motion  is  thus  westerly, 
witfi  perhaps  a  slight  attraction  of  both  sun  aad  moon  similar 
to  tiiat  causing  die  tides,  tl»e  atmosphere  will  have  a  westerly 
motion.  However,  as  attraction  acts  according  to  the  qnatt- 
tity  of  matter,  and  the  whole  weight  of  the  nlmoflphere  is  omly 
equal  to  a  depth  of  water  of  85  feet;  the  motion  of  the  atmosphere 
occasioned  thereby,  cannot  be  very  great,  especially  as  the 
principal  part  of  it  is  very  near  the  earth's  snr&ce,  axui,  there- 
fore, cannot,  as  has  sometimes  been  asserted,  have  any  material 
augmentation  of  attraction,  by  being  nearer  the  sun  or  moon. 

To  have  a  ri^t  notion  of  these  winds,  we  should  conceive  a 
circle  on  the  face  of  the  earth,  whose  diameter  extends  over 
about  14deg.  of  the  eardi's  surface;  the  sun  always  vertical  over 
its  centre;  and  the  circle  bisected  by  a  meridian  passing  throi^ 
the  sun.  Then,  the  semicircle  eastward  is  diat  who^in  die  air 
is  always  in  motion,  radiating  towards  tlie  oe»tre  from  this 
semicircumference.  At^  the  southern  side,  the  wind,  IIimi^ 
smaU,  will  be  from  the  south;  at  the  6  E  point,  ^m  south  east; 
at  tJhe  quadrant  or  £,  fuH  east;  at  N  £,  north  east;  and  at  N, 
the  wind  will  be  from  the  north.  The  strongest  rushing  in  of 
the  cool  air  may,  therefore,  be  from  the  8  £  and  N  £;  ainee  at 
full  N  and  S,  the  air  will,  on  recount  of  the  sun's  vebcitj. 
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hftrdlj  be  pat  ia  motion;  and  the  eastern  wind  will  be  diflturbed 
or  counterbalanced  by  the  lateral  conflicting  oorrenta.  But  as 
tills  semicircle  goes  westward  with  the  son,  the  lateral  winds 
will  partake  a  good  deal  of  the  same  direction. 

As  the  sun  is  nerer  vertical  two  days  together  o?er  the  same 
place,  being  at  the  tropic  of  cancer  on  the  2ist  of  Jane,  and  at 
that  of  Capricorn  on  the  21st  of  December,  47deg.  distant; 
is*  snmmer  his  direct  rays  will  not  much  affect  the  air  of  the 
sonthem  latitodes;  and  in  winter  they  will  not  much  distorb 
dmt  of  the  northern.  But  as  the  sun,  at  certain  periods  of  the 
year,  passes  twice  over  all  the  places  between  the  tropics;  con- 
sequently, when  he  is  at  the  equator,  for  7deg.  north,  there  will 
be  a  north-east  wind;  most  easterly  in  the  first  and  second 
degrees,  and  most  northerly  in  the  sixth  and  seventh.  But  when 
the  sun  is  at  7deg.  north  of  the  equator,  those  same  7deg.  of 
north  latitude  will  have  a  south-east  wind.  The  same  may  be 
observed  of  any  other  parallel  of  latitude  at  which  ever  the  sun 
is  rerticaL  The  regular  easterly  wind  is  called  the  trade  wind; 
but  the  Tariable  S.  and  8£.  N.  and  NE.  are  the  monsoons; 
and  they  regulate  the  navigation  in  the  tropical  seas. 

But  thou|^  the  above  may  be  considered  as  the  primary  trade 
winds  and  monsoons;  yet,  there  are  other  secondary  ones, 
which  considerably  affect  their  course ;  sometimes  blowing  in 
the  same  direction,  when  they  seem  to  extend  the  limits  of  the 
primary ;  sometimes  in  an  opposite  direction^  as  the  one  or  the 
other  prevails,  or  they  occasion  a  dead  calm;  and  in  other 
places  their  directions  are  at  right  angles  to  each  other :  yet, 
upon  the  whole,  their  deviations  are  as  certain,  and  as  well 
known  as  the  direction  of  the  main  wind.  These  winds  originate 
in  the  difference  between  the  temperature  of  the  earth's  surface, 
and  that  of  the  sea ;  the  former  being  much  more  heated  by  the 
sokr  rays  than  the  latter.  When  these  winds  are  on  a  small 
scale,  they  are  called  iamlaMdHa  breeaes;  but  when  on  the 
large,  they  are  confounded  with  the  trade  winds  and  monsoons. 

In  islands  under  the  torrid  zone,  and  to  a  certain*  distance 
from  the  shores  on  the  continents  in  the  temperate  aones,  the 
earth's  surface,  in  the  day  time,  becomes  many  degrees  hotter 
than  that  of  the  sea;  the  air  is,  therefore,  considerably  expanded; 
and  about  ten  o'clock  in  the  forenoon  the  cool  air  from  the  sea 
begins  to  rush  in  to  supply  the  place  of  the  rarified  air,  which 
is  tfaoa  pressed  upwards.  But  on  the  contrary,  as  the  nights 
under  the  torrid  sone  are  much  longer  than  the  summer  nights 
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ot  the  temperate  zones,  and  as  land  cools  more  rapidly  than 
water,  its  surface,  daring  the  night,  becomes  of  a  lower  tem- 
peratare  than  that  of  the  sea;  consequently  at  aboat  6  o'clock  in 
the  evening  the  sea  breeze  ceases;  and  about  7,  it  begins  to  blow 
from  the  land  to  the  sea,  and  continues  to  do  so  till  aboat  8 
o'clock  in  the  morning,  when  it  dies  away.  These  land  and  sea 
breezes  are  always  considerable  under  the  torrid  zone;  and,  in 
hot  summer  weather,  they  extend  even  as  far  as  Norway ;  b«t 
they  depend  a  great  deal  on  the  neighbourhood  of  hills ;  and, 
therefore,  seem  a  little  affected  by  electricity  or  the  third  cause 
of  winds.  They  greatly  moderate  the  temperature  of  our  sum- 
mers, especially  on  the  sea  shore;.hence,  our  sea-bathing  places 
become  crowded  with  persons,  whose  circumstances  will  allow 
them  to  enjoy  this  refuge  from  the  enfeebling  heat  of  inland 
situations. 

But  in  the  large  and  burning  continent  of  Africa,  and  partly 
on  the  continents  of  Asia  and  America,  as  well  as  on  the  ex* 
tensive  island  of  New  Bolland,  the  interior  becomes  so  heated, 
that  it  retains  through  the  night  a  higher  temperature  than  the 
sea.  Hence,  at  all  seasons  of  the  year  there  is  a  constant  wind 
on  certain  coasts  towards  the  interior.  For  instance,  on  the 
eastern  coast  of  Africa,  from  4deg.  N.  lat.  to  4deg  S.  lat  the 
wind  is  always  from  the  south-east  to  south ;  but  in  the  same 
latitude  on  the  eastern  coast  of  South  America,  it  partakes  a 
good  deal  of  the  easterly ; — thus  pointing  to  the  central  part  of 
each  continent.  In  the  same  latitude  on  the  western  coast  of 
Africa,  but  extending  farther  northward  to  the  Guinea  coast, 
the  wind  is,  for  the  same  reason,  from  S.  to  S  W.  On  the 
north-west  of  this  tract,  or  at  such  a  distance  beyond  the  most 
westerly  point  of  Africa,  that  the  heated  interior  of  this  continent 
should  cause  a  westerly  wind,  and  the  course  of  the  sun  should 
cause  an  easterly  wind,  we  must  expect  that  these  causes  will 
counterpoise  each  other ;  which  we  actually  find  to  be  the  case. 
For,  between  the  parallels  of  4  and  lOdeg.  north  latitude,  aad 
the  longitude  of  Uie  most  eastern  of  the  Cape  Verd  islands 
and  Cape  Verd,  is  a  tract  subject  to  perpetual  calms  with  thun- 
der and  lightning,  and  such  constant  rain,  that  it  is  frequently 
designated  by  the  name  of ''  The  Rains."  Ships,  within  these 
6  deg.  of  latitude,  have  sometimes  been  detained  for  months, 
suffering  all  the  horrors  of  famine. 

Near  the  tropics,  and  in  countries  extending  a  long  way  into 
the  temperate  zones ;  the  wind,  for  about  five  of  the  hottest 
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months,  blow  contmaallj from  the  sea  towards  the  land;  and  in 
the  fiye  coldest  months,  from  the  land  towards  the  sea.  The 
two  intenrening  months  are  subject  to  calms  with  thnnder  and 
lightning,  and  occasional  hurricanes,  in  which  the  wind  generally 
blows  from  all  points  of  the  compass.  These  land  and  sea 
breezes,  then,  according  to  the  nature  of  the  coast,  and  the 
situation  of  the  country  with  respect  to  the  adjoining  seas,  as 
well  as  the  extent  both  of  the  continent  and  sea,  must  blow  in 
many  and  various  directions  when  considered  with  reference  to 
the  whole  globe ;  but  with  respect  to  each  coast,  they  are  as 
regular  as  the  primary  trade  wind  and  monsoons ;  and  all  their 
changes  are  as  well  known  to  mariners. 

TVliile  the  heat  of  the  sun  thus  lifts,  as  it  were,  the  atmosphe- 
ric air  beneath  him,  and  permits  the  circumambient  cool  air  to 
rush  in  and  supply  its  place ;  the  exalted  air  must,  in  the  higher 
regions,  soon  regain  its  equilibrium  of  temperature,  and  flow  in 
the  direction  of  the  poles  to  supply  the  place  of  that  rushing 
towards  the  torrid  regions.  This  might  be  expected  to  produce 
effects  in  the  other  zones  as  decisive  as  those  in  the  torrid  zone; 
and  when  a  ship  gets  out  of  the  limits  of  the  trade  wind,  she 
invariably  meets  with  a  wind  blowing  in  a  contrary  direction. 
However,  most  of  the  atmospheric  currents  in  the  greater  part 
of  the  temperate  zones,  and  all  those  of  the  frizid  zones,  are  too 
rariable  to  be  attributed  to  this  cause.  Besides,  these  winds 
never  amount  to  storms,  whose  origin,  as  wel)  as  that  of  many 
breezes  all  over  the  globe,  must  be  sought  for  in  the  third  cause 
of  wind. 

12.  ATMOSPHERIC  TEMPERATURE  AND  CLIMATE. 

Wb  stated.  Chap.  II.  s.  10,  that  the  earth  is  above  three  mil- 
lions of  miles  nearer  the  sun  in  winter  than  in  summer;  jet  the 
difference  of  atmospheric  temperature  of  the  two  seasons  would 
induce  the  reader  to  draw  an  opposite  conclusion;  and  it, 
therefore,  seems  necessary  that  we  should  explain  this  paradox. 
If  the  heat  of  the  sun  depended  upon  his  proximity,  then  it 
would  be  hotter  in  the  summer  of  the  southern  hemisphere  than 
in  that  of  the  northern ;  but  this  does  not  appear  to  be  the  case; 
and  therefore  the  eccentricity  of  the  earth's  orbit  seems  to  have 
no  effect  on  the  atmospheric  temperature ;  or  if  it  has,  it  is  lost 
in  other  causes  of  variation.  The  solar  rays  produce  the  most 
beat  where  the  son  is  vertical ;  and  the  least  where  he  is  at  the 


Digitized  by  VjOOQIC 


142  THE  M £GHANICAL 

greatest  distanee  from  the  zenith.  This  may  he  shewn  hj 
diYiding  the  diameter  of  a  circle  into  an  j  numher  of  equal  parts, 
suppose  twenty,  and  considering  it  the  earth's  axis  or  the  ter- 
minator. Then,  by  drawing  lines  from  each  of  these  divisions, 
converging  towards  the  son  at  some  distance,  either  at  the  tro- 
pics or  equator,  it  will  be  seen  that  the  arcs  of  the  semicircle 
incladed  between  the  lines  will  differ  greatly  in  length.  If 
therefore  these  lines  be  considered  as  solar  rays,  and  the  circle 
the  earth*s  sarface,  then  it  will  be  obvious  that  the  solar  rays  fall 
the  densest  where  the  sun  is  vertical.  It  may  be  farther  exem- 
plified, by  holding  a  flat  surfoce  or  a  plane  perpendicularly  to 
the  hearth  before  the  fire,  to  represent  the  vertical  or  direot 
rays  of  the  sun,  when  the  surface  will  soon  acquire  a  burning 
heat ;  but  if  it  be  held  at  different  angles,  so  that  the  radiatiDg 
heat  may  strike  the  plane  obliquely ;  a  point  at  the  centre, 
though  that  point  be  at  the  same  distance  from  the  fire  as  when 
the  plane  was  vertical,  will  indicate  very  different  temperatures 
according  to  the  angle,  or  the  obliquity  of  the  impinging  rays. 

Another  cause  of  variation  in  atmospheric  temperature,  is,  in 
the  difference  of  the  length  of  day  and  night : — this  is  considered 
as  the  foundation  of  what  is  meant  by  climate.  In  summer,  the 
sun,  for  about  six  weeks,  never  sets  within  the  north  frigid 
2one ;  and  in  winter  he  never  rises  in  all  that  time.  During 
one  part  of  summer,  in  England,  the  sun  is  above  the  horison 
10  hours  in  the  day,  and  only  8  hours  below  it :  but  in  winter 
this  is  reversed.  The  earth's  surface,  during  the  night,  loses  a 
great  deal  of  the  heat  it  acquired  by  day.  The  difference  of 
temperature  at  London  between  the  day  and  night,  is,  in  January 
6deg.,  in  July  lOdeg.,  in  September  18deg.  But  where  the 
sun  is  a  shorter  time  beneath  the  horizon,  the  earth  cools  less. 
Within  the  frigid  zone,  where  he  never  sets,  the  atmospheric 
temperature,  from  the  10th  of  May,  when  the  sun  has  ISdeg. 
declination,  to  the  80th  of  July,  is  greater  than  at  the  equator* 
However,  in  the  polar  regions,  this  is  much  regulated  by  the 
quantity  of  caloric  required  for  the  dissolving  ice.  The  mean 
temperature  of  the  temperate  zone,  is,  at  the  latter  end  of  April, 
and  the  latter  end  of  October :  the  extremes  are  on  the  31st  of 
January,  and  the  21st  of  July.  The  mean  temperature  at  London 
is  60*6  deg.  But  it  varies  in  different  years  from  48  to  6Sdag. 
It  seldom  freezes  within  36deg.  of  the  equator,  and  seldom  hails 
beyond  OOdeg. 

The  difference  of  the  temperature  between  the  surikoe  of  the 
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wa  msd  that  of  the  land  is  so  great,  and  so  yarioas*  that  no 
regular  scale  can  be  given,  which  will  apply  to  both.  As  there 
is  the  greatest  space  of  ocean,  taken  from  pole  to  pole,  through 
ttie  middle  of  the  Atlantic; — this  has  been  fixed  on  as  a  standard; 
and  the  mean  temperature  from  actual  experiments  and  calcula- 
tioBs  has  been  fixed  for  the  equator  84,  and  for  the  N  pole  81, 
according  to  the  following  table,  which  is  calculated  for  the 
northern  hemisphere.  But  this  only  regards  the  surface  of  the 
sea,  at  such  a  distance  from  the  shores  as  not  to  be  influenced 
by  the  temperature  of  the  land;  for  at  a  certain  elevation  above 
both  sea  and  land  is  perpetual  congelation.  The  following  table 
shews  the  mean  line  of  congelation,  and  its  highest  limits^  above 
which  the  vapour  must  always  be  congealed. 


Meao  Ttmpentaut 

Meao  llmict 

Lowest  limits  of 

LMtmi^, 

ftCtbe 

of 

peipetiwl 

SorftM^thtSea. 

E^nator  0 

84deg. 

16677ft. 

28000ft. 

6 

83-6 

16467 

27784 

10 

82*3 

16067 

27084 

16 

80-4 

14498 

26061 

20 

77-8 

13719 

24661 

25 

74-6 

13030 

23423 

30 

70-7 

11692 

20884 

86 

66*6 

10664 

19169 

40 

62-0 

9016 

16207 

46 

67-6 

7668 

13730 

60 

620 

6260 

11263 

66 

48*4 

4912 

6617 

60 

44-3 

3684 

6148 

66 

40*4 

2616 

4762 

70 

37-2 

1667 

4413 

76 

34*6 

748 

4199 

80 

32*6 

120 

3861 

86 

31-4 

3631 

N.pole  90 

310 

3432 

What  Isccmimonly  understood  by  clinate,  is,  the  temperature 
peculiar  to  each  country,  island,  or  district;  and  this  is  fowMl 
la  depMid  «pon  a  number  of  circumstances ;  and  it»  therefore, 
wwM*  in  the  same  latitudes  all  over  (he  gbbe.  All  the  oonti- 
B8Dt  of  America  is,  with  respect  to  the  climate  or  temperature 
of  the  9ld  world,  thrown,  as  it  were,  16  or  fOdeg.  further  back 
or  nearer  the  poles.    Newfoundland,  the  northern  parts  of  Neva 
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Scotia,  and  Canada  lie  under  the  same  parallel  as  France ;  yet 
in  those  countries,  during  the  winter,  the  rivers  stand  cased  up 
with  ice  of  some  feet  in  thickness,  and  the  snow  is  in  proportion. 
All  the  birds,  at  the  commencement  of  that  dreary  season,  desert 
^ese  inhospitable  regions,  or  they  would  inevitably  perish. 
Xabrador,  and  the  countries  round  the  southern  part  of  Hudson's 
Bay,  are  in  the  same  latitude  as  Great  Britain ;  yet,  here  **  the 
lakes  and  standing  waters,  which  are  not  above  ten  or  twelve 
feet  deep,  are  frozen  to  the  ground  in  winter,  and  the  fishes  in 
them  all  perish.  In  large  lakes  and  rivers  the  ice  is  sometimes 
broken  by  imprisoned  vapours ;  and  the  rocks,  trees,  joists  and 
rafters  of  the  buildings  are  burst  with  a  noise  not  less  terrible 
than  the  firing  of  many  great  guns  together.  The  air  is  filled 
with  innumerable  particles  of  ice,  very  sharp,  and  angular,  and 
plainly  perceptible  to  the  naked  eye.  Bottles  of  strong  beer, 
brandy,  strong  brine,  spirits  of  wine  set  out  in  the  open  air  for 
three  or  four  hours  freeze  to  solid  ice.  The  frost  is  never  out 
of  the  ground  :  how  deep  cannot  be  certain.  They  have  dug 
down  ten  or  twelve  feet  and  found  the  earth  hard  frozen  in  the 
two  summer  months.''  The  above  remarks  were  made  at 
Churchhiirs  River,  Hudson's  Bay — near  the  same  parallel  of 
latitude  as  the  northern  coasts  of  Scotland  or  the  Shetland  isles. 
But  the  southern  hemisphere  displays  more  frightful  scenes, 
at  least  during  the  summer,  than  the  northern.  The  late  Sir  J. 
Banks  and  Dr.  Solander,  companions  of  Captain  Cook,  made 
an  excursion  towards  the  interior  of  the  island  of  Terra  del 
Fuego,  south  latitude  55deg.,  on  the  16th  of  January,  which  is 
the  hottest  part  of  summer  in  those  regions  corresponding  with 
the  middle  of  our  July ;  when  arriving  at  a  hill  or  mountain  of 
no  great  height,  snow  came  on  suddenly,  and  two  of  the  party 
perished  with  cold,  and  all  narrowly  escaped  the  same  fate. 
Yet,  this  was  in  the  same  latitude  in  the  southern  hemisphere, 
as  the  northern  counties  of  England ;  and  even  the  climate  of 
this  desolate  country  is  represented  as  mild  in  comparison  of 
that  of  South  Georgia,  which  lies  some  degrees  nearer  the 
equator.  Not  a  tree  or  shrub  is  here  to  be  seen;  the  rocks 
raise  their  lofty  summits  till  they  are  lost  in  the  clouds;  and  the 
valleys,  during  the  hottest  part  of  summer,  are  covered  with 
snow.  The  north  pole  may  be  appoached  within  9deg.,  but  a 
perpetual  barrier  of  ice  seems  to  extend  to  15  or  20deg.  from 
the  south  pole;  and  innumerable  ice  islands  crowd  the  seas  to  a 
much  greater  distance.    However,  though  there  is  a  great  dis- 
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parity  between  the  suaiiiiers  of  the-  two  hemispheres,  it  it  sup- 
posed that  the  winter  of  the  sovthera  is  less  iiicle»ent  than  Quit 
of  the  northern. 

Also,  while  the  inhabitaiits  under  the  torrid  zone  of  America 
are  enjojing  eool  nights  and  refreshing  breeies.  by  day,  the 
Afiricans  are  perishing  with  excess  of  heat ;  and  through  half 
the  temperate  sones^  the  disproportion  of  temperatore  between 
the  plains  of  the  northern  and  southern  parts  of  Afriea,  and  the 
socthem  comitries  of  Asia  and  Europe — are  as  much  bottfor 
than  the  eorresponding  latitudes  of  North  and  South  America, 
as  if  these  'parts  of  the  latter  continent  were  16  or  20  degrees 
farlher  from  the  equator. 

To  attempt  an  explanation  of  the  above  phenomena,  we  hare 
to  obserre,  that  though  the  sun  is  the  grand  source  of  atOHMtpha- 
rie  heat,  jet  there  are  two  principal  causes  which  operate  to 
prodhice  very  great  deviations  from  any  regularity  of  tempera- 
t»e.  The  am  is  the  heterogeneous  and  irregular  nature  of  the 
earth's  swrfeee,  as  hills,  plains,  woods,  cultivated  grounds,  and 
homing  sands ;  water,  snow,  ice.  The  other  is  electricity,  for 
which  see  Chap.  XVI.  s.  12. 

The  sun's  rays  only  produce  heat  when  they  fM  upon  a  suit- 
able medium ;  they  pass  through  the  atmosphere,  without  in  any 
sensible  degree,  increasing  its  temperature.  Their  effect  is  in  a 
great  measure  engulfed  in  the  ocean.  In  thin  sheets  of 
water,  where  the  caloric  is  not  swallowed  up  by  the  agitati<m 
ef  the  waves,  it  combines  with  the  water,  becoming  latent 
IB  the  vapour  and  flying  off  to  form  clouds  and  produce 
rain.  Trees,  and  other  vegetables  in  a  living  state,  absorb  the 
rays  of  the  sun,  but  retain  the  caloric  for  (heir  own  use ;  or  if 
any  is  emitted,  it  is  chiefly  sent  off  with  the  vapour.  Ice  and 
snow  require  the  caloric  of  fluidity  before  they  dissolve.  In  all 
diese  cases,  therefore,  the  solar  rays  will  not  much  increase  the 
idtoospheric  temperature  :  though  a  great  deal  of  caloric  must 
be  set  at  liberty  when  the  vapours  condense  into  rain.  But 
whnt  seems  to  produce  the  most  effect  upon  the  lowest  stratum 
of  air,  is,  the  immediate  action  of  the  solar  rays  upon  the  soil. 
Th^  heat  of  summer  does  not  penetrate  deeper  thsm  15  or  18 
inohes ;  so  ^at  the  principal  effect  must  be  on  the  first  two  or 
three  inches.  Here,  then,  are  the  rays  of  a  hot  summer's  day 
condensed,  till  an  almost  burning  heat  is  created,  which  also 
heats  the  contiguous  stratum  of  air. 

Any  one,  casting  his  eye  on  a  map  of  the  world,  will  see  that 
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the  southern  hemisphere  is  chiefly  water,  though  interspersed 
with  small  islands;  yet  these  only  serve,  or  at  least  the  most 
southerly  of  them,  as  nuclei  for  the  ice  hergs,  so  that  the  whole 
of  the  south  frigid  zone  may  he  considered  as  a  continent  of  ice; 
hence  the  winds  from  these  regions  must  be  intensely  cold,  since 
there  is  no  land  to  charge  them  with  caloric.  On  this  principle 
the  disparity  of  temperature  between  North  America  and  the 
northern  parts  of  Europe  and  Asia  may,  perhaps,  to  a  certain 
degree  be  accounted  for.  For,  besides  the  contiguity  of  the 
oceans  and  the  inland  sea  of  Hudson's  Bay — all  this  part  of 
America  is  thickly  beset  with  lakes,  that  compose  a  great  part 
of  its  surface.  A  powerful  cause  also  exists  in  the  want  of  cul- 
tivation. The  leaves  of  trees  are  rapid  conductors,  or  it  might 
be  said,  devourers  of  heat.  America  abounds  with  immeasurable 
forests  of  excessively  high  and  close  set  trees;  and  in  many  places 
beneath  them,  is  a  Uuckly  matted  underwood.  The  snow  which 
falls  here  in  winter  is  entirely  screened  from  the  summer's  sun; 
so  that,  while  these  regions  are  bound  up  in  snow  throughout  the 
summer,  the  well  cultivated  plains,  in  the  same  latitudes  of 
Europe,  are  heated  like  an  oven  by  the  solar  rays  falling  full 
upon  the  dry  soil. 

The  West  Indian  islands  are  surrounded  by  deep  seas,  and 
are  kept  comparatively  cool  by  the  land  and  sea  breezes.  Brazil 
is  variously  intersected  by  mountains,  and  interspersed  with 
lakes ;  the  same  might  be  observed  to  a  certain  degree  of  all  the 
American  part  of  the  torrid  zone.  Here  are  also  the  largest 
and  thickest  forests  in  the  world.  Though  no  snow  is  seen, 
yet  a  sunbeam  never  penetrates  through  the  thick  foliage  to  the 
earth.  While  the  sandy  deserts  of  Africa  are  intensely  heated, 
these  woods  emit  nothing  but  an  unwholesome  vapour  exhaling 
from  the  mass  of  putrefying  leaves,  the  produce  of  former  years. 
Besides,  while  the  fiery  African  winds  prevaU,  while  the  Shu- 
mah,  blowing  in  the  deserts  between  Algiers  and  Tumbuctoo, 
carries  death  in  every  blast,  the  plains  of  South  America  are 
refreshed  with  cooling  gusts  from  the  frozen  tops  of  the  Andes. 
Peru  is  always  overshadowed  with  a  thin  grey  cloud,  the 
vapour  from  the  Pacific  Ocean  passing  to  the  summits  of  the 
mountains,  which  protects  its  plains  from  the  scorching  heat  of 
a  vertical  sun ;  and  the  same  may,  to  a  certain  degree,  be  ob- 
served of  Chili. 

We  do  not  want  proofs  in  the  old  world,  that  very  high 
mountains  ^e  cftpable  of  producing  considerable  effects  on  the 
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ttmospherio  temperature.  Near  the  elevated  mountains  of 
Thibet,  at  Chamnanning  N.  latitude  31  deg.  39min.»  the  ther- 
mometer, in  the  winter  of  1774,  stood,  even  in  a  room,  as 
low  as  29  deg.  below  freezing  point.  In  the  middle  of  April, 
the  standing  waters  were  all  frozen  over,  and  heary  showers  of 
snow  frequently  fell.  It  does  not  appear  to  be  a  solitary  in- 
stance peculiar  to  that  year.  Yet  Uiis  place  is  farther  south 
than  the  northern  burning  climate  of  Africa ;  the  mouth  of  the 
Nfle ;  and  some  of  the  scorching  deserts  of  Arabia. 

While  exhausting  the  receiver  of  an  air  pump,  no  sooner 
does  rarefaction  commence  than  excessive  cold  always  appears. 
Hence,  was  there  a  burning  heat  on  the  summits  of  very 
high  mountains,  so  cold  is  the  air  by  its  great  rerefac- 
tion,  that  the  heat  would  be  dissipated  all  around  without  pro- 
ducing any  sensible  effect.  The  higher  the  hill,  therefore,  the 
greater  the  cold;  because  the  air  is  so  much  the  rarer;  and  the 
deeper  the  valleys  the  greater  the  heat;  the  air  being  propor- 
tionately denser.  But  the  heat  on  a  plane  can  only  be  dispersed 
upwards,  while  that  on  the  summits  of  a  hill  can  disperse  en  all 
sides  or  down  the  declivity  of  the  hill.  The  one  has  therefore 
nearly  a  globe  to  radiate  in;  the  other  only  a  hemisphere;  and 
in  a  valley,  or  at  the  foot  of  a  hill,  the  heated  air  has  much  less 
than  a  hemisphere  to  disperse  in:  consequently,  low  situations 
must  have  a  much  higher  atmospheric  temperature,  than  those 
that  are  elevated* 
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CHAP.  VII. 
The  Atmosphere  and  some  of  its  Uses. 


I,  Tm  Composition  of  the  Atmocpheks.  2.  Atmosphbric  PsBMinB,  tbs 
Baaombteb,  Hygrombtbb  AMD  Air  Pump.  3.  Various  Uses  of  Amo- 
sPHRRic  Pressure.  4.  Elasticitt  of  the  Aul  5.  Soumd  or  Acoumcs. 
6.  If  usical  Strings.  >•  Tub  Human  Bab.  8.  Clouds.  9.  Tbb  Ooar- 
TiTY  and  Distribution  of  Rain. 


1.  COMPOSITION  OF  THE  ATMOSPHERE. 

Atmospheric  air  consists  oftwo  gases,  viz.  oxygen  and  nitrogeB, 
mechanically  blended  together  in  the  proportion  of  21  parts  oxy- 
gen to  79  nitrogen,  if  taken  by  measure;  but  if  by  weight,  the  pro* 
portions  are  about  23}  of  the  former,  to  76}  of  Uie  latter.  BesideB 
these  two  gases,  there  is  always  found  some  carbonic  acid  gas 
mixed  with  the  atmospheric  air,  generally  in  the  proportion  of 
one  part  in  1000;  and  certain  other  lighter  gases,  in  small  and 
varying  proportions,  as  hydrogen  and  carburetted  hydrogen, 
with  a  continually  varying  quantity,  but  generally  in  the  pro- 
portion of  from  one-sixtieth  to  a  hundreth  part,  of  water  in  the 
state  of  invisible  elastic  vapour.  Several  other  invisibly  small 
substances  are  also  continually  floating  in  the  atmosphere,  being 
the  effluvia  and  exhalations  arising  from  the  various  decomposi- 
tions, that  are  unceasingly  going  on  in  the  animal,  vegetable, 
and  mineral  kingdoms. 

All  these  heterogeneous  substances  coihpose  the  atmosphere; 
and  as  they  vary  from  each  other  in  density,  there  is,  notwith- 
standing the  nature  of  gases  to  act  as  vacua  to  each  other,  a 
tendency  to  dispose  themselves  in  the  sDrial  regions  according 
to  their  respective  specific  gravities.  If  this  tendency  was  not 
counteracted  by  the  winds,  we  should   have  the  carbonic  acid 
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gas  forming  a  kyer  nmttd  the  earth,  which  w<mld  coyer  the 
waters  and  a  considerable  space  of  the  valleys ;  and  as  this  is 
the  choke-damp,  which  has  so  frequently  proved  fatal  to  the 
human  race  in  mines,  wells,  and  cellars,  a  great  part  of  the 
lower  grounds  would  be  uninhabitable.  Upon  the  carbonic 
acid  gas  we  should  have  a  thick  layer  of  oxygen  gas  or  vital  air. 
This  would  be  the  atmosphere  of  the  more  elevated  grounds, 
and  would  extend  above  the  tops  of  the  highest  mountains^ 
Thou^  this  is  the  air  which  supports  life ;  yet,  it  is  mixed  with 
between  four  and  five  times  its  quantity  of  an  air  or  gas  that 
has  a  contrary  effect,  viz.  nitrogen  or  aaote  the  depriver  of  life ; 
and  our  bodies  are  constituted  to  this  proportion; — consequently* 
were  we  to  breathe  oxygen  gas  alone,  it  would  be  too  strong 
for  us,  we  should  live  four  or  five  times  too  fast,  and  in  a  short 
time  wear  out  the  vital  machinery;  and,  therefore,  the  more  ele* 
vated  plains,  the  hills  and  mountains  also  would  be  uninhabitable. 
Next  the  oxygen  gas  would  be  the  nitrogen.  Above  that,  v^iour 
or  aqueous  particles;  then  the  carburetted  hydrogen  gas;  and 
at  the  top  of  all,  the  pure  hydogen  gas,  which  is  the  lightest  of 
all  ponderable  substances:  being  thirteen  times  lighter  than 
atmospheric  air.  Besides  these  pincipal  layers,  there  would  be 
snail  intervening  strata  of  all  the  different  esriforms  and  effluvia 
that  ascend  from  the  earth. — From  this  we  may  see  the  great 
teportance  of  the  winds,  which  are  nothing  more  than  this  vast 
mass  put  in  motion  by  various  causes;  and  which  blend  the 
whole  Mid  keep  it  in  a  fit  state  for  all  the  purposes  the  atmo- 
sphere was  designed  to  answer. 

However  it  is  owing  to  the  agitation  of  the  whole,  and  its 
being  so  regularly  blended,  that  some  of  the  ingredients  are 
raised  or  suspended  in  it.  For  a  layer  of  pure  aqueous  vapour, 
such  as  we  have  supposed,  could  not  exist  at  the  temperature  of 
the  air;  and  would,  therefore,  be  immediately  condensed  by 
the  cold,  and  fall  down  in  mist  or  be  precipitated  in  rain. 

It  is  owing  to  the  winds,  that  the  atmospheric  air  is  found  to 
consist  of  the  same  ingredients  in  all  parts  of  the  world.  Car* 
bonie  acid  gas,  though  considerably  heavier  than  any  of  the 
other  materials,  has  being  found  on  the  top  of  Mont  Blano,  th« 
highest  mountain  in  Europe;  and  ssronauts  have  detected  it  at 
their  greatest  elevations.  But  perhaps  it  exists  in  small  quan* 
tities  in  these  upper  regions;  for  the  followers  of  the  unfortunate 
La  Perouse  could  not  detect  it  on  the  Peak  of  Teneriffe*  The 
quantity  of  aqueous  particles  varies  mtieh,  there  being  the  moit 
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in  islands,  and  maritime  situations;  less  in  the  midst  of  liurge 
continents ;  and  winds,  blowing  from  the  interior  of  Africa,  are 
sometimes  found  so  utterly  destitute  of  moisture,  that  the  furni- 
ture in  the  houses  on  the  coasts  of  Barbary  is  warped  and  rent 
with  a  thousand  chinks.  The  skin,  also,  on  the  lips  and  nostrils 
of  the  inhabitants,  becomes  so  parched  and  shrivelled  as  to  peal 
off.  It  is  this  thirsty  wind  that  so  exhausts  the  Mediterranean 
of  its  waters. 

In  some  parts  of  the  world,  calms  have  continued  so  long, 
that  the  air  became  corrupt  and  pestilential.  This  might  be 
partly  owing  to  the  morbid  state  of  Uie  earth  with  respect  to  the 
developement  of  its  electric  principle ;  but  as  much,  perhaps, 
to  the  tendency  of  the  atmosphere  to  pass  into  the  stratified 
state,  when  the  carbonic  acid  gas,  subsiding  to  the  earth's  sur- 
face, made  the  air  unfit  to  breathe.  In  pits,  cellars,  and  other 
places  not  ventilated,  this  gas  always  lurks ;  and  is  principally 
the  cause  of  the  air  being  unwholesome  in  large  towns. 

2.  ATMOSPHERIC  PRESSURE,   BAROMETER,  HYGROMETER, 
AND  AIR  PUMP. 

It  was  stated.  Chap.  V.  s.  3.  that  the  limits  of  the  atmosphere 
cannot  be  ascertained ;  but  that,  at  an  elevation  of  45  miles,  it  is 
so  thin  as  not  to  refract  the  sun's  rays ;  and  that  its  pressure  is 
equal  to  15lbs.  upon  every  square  inch  of  the  earth's  surface. 
But  as  the  quantity  of  vapour,  which  the  atmosphere  contains, 
varies  at  different  times ;  and  as  these  vapours  are  by  the  elec- 
tric principles  often  collected  into  extensive  masses,  when  they 
are  visible  as  clouds,  and  the  vapour  itself  being  one-sixth 
lighter  than  atmospheric  air ; — the  pressure  will,  therefore,  be 
less  upon  the  earth's  surface  immediately  beneath  these  col- 
lected vapours,  than  where  the  air  is  clear. 

Another  circumstance  also  tends  to  cause  variations  in  the 
pressure  of  the  atmosphere  on  particular  parts  of  the  earth's 
surface.  This  is  the  winds.  Should  we  take  a  long  trough 
with  a  partition  in  the  middle,  and  fill  one  end  exactly  to  the 
brim  with  water ;  on  taking  out  the  partition,  the  water  will 
seek  its  level  and  fill  the  whole  half  full.  But  in  doing  so,  the 
surface  will  fall  in  that  which  was  at  first  the  foil  half,  near  the 
place  of  the  partition,  much  lower  than  where  it  will  stand  when 
it  has  found  its  level;  consequently,  while  the  stream  is  running 
the  pressure  on  the  bottom  will  be  less  over  that  part    This 
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cBmination  of  preasare  will  begin  to  take  place  all  along  the 
fall  end,  eren  before  the  water  can  be  said  to  be  so  much  moved 
as  to  form  a  stream.  Now  as  portions  of  the  atmosphere  are 
frequently  put  in  motion,  viz.  by  the  collected  vapours  being 
precipitated  in  rain,  and  the  surrounding  air  rushing  in  to  take 
tiieir  place,  we  may  easily  conceive  how  the  pressure  may  vary 
at  the  conunencement  of,  and  during  a  wind,  thoagh  the  rain 
falling  be  at  such  a  distance  that  no  clouds  are  visible. 

A  very  useM  instrument  called  the  barometer,  constructed 
'  on  the  principles  of  the  common  pump,  is  made  to  indicate  the 
variation  of  this  pressure.  It  consists  of  a  small  glass  tube  filled 
with  quicksilver;  see  Fig.  28.  The  tube  is  closed  at  one  end, 
and  bent  at  the  other,  which  is  open.  It  is  about  34  or  96  in. 
long  from  the  closed  end  to  the  bend ;  and  when  the  metal  is 
put  into  it,  it  is  boiled  to  expel  the  particles  of  air,  that  may  be 
in  it,  and  so  might  prove  prejudicial  to  it  movements.  Being 
filled  to  the  bend,  it  is  tomed  with  the  close  end  op  wards;  the 
open  end  being  also  upwards  by  reason  of  the  bend.  The  mer- 
cury now  sinks  to  the  measure  of  the  atmospheric  pressure ;  and 
a  vacuum  being  formed  in  the  upper  part  ot  the  tul^e  a  6,  and 
the  atmosphere  pressing  upon  the  fluid  metal  in  the  orifice  of  the 
lower  part  c; — it  is  thus  suspended  as  the  water  in  the  common 
pump. 

Water  wOl  rise  from  30  to  35  feet  high,  according  to  the  existing 
pressure;  but  as  mercury  has  a  specific  gravity  of  almost  14 
times  that  of  water,  a  column  of  this  metal  of  from  27  to  31  in. 
will  be  nearly  equal  to  the  above  column  of  water;  consequently 
the  mercury  ranges  in  the  barometer  between  27  and  31  in.; 
which  space,  to  complete  the  instrument,  is  graduated:  each 
inch  being  divided  into  ten  parts. 

Sometimes  the  tube  i^  straight,  and  its  orifice  is  merely  sus- 
pended in  a  small  trough  of  mercury ;  and  sometimes  the  orifice 
c  is  made  wider  than  the  rest,  and  a  piece  of  card  or  cork  swims 
upon  the  metal,  having  a  thread  fastened  to  it  with  a  smaU 
weight  d  at  the  other  end.  The  thread  coils  round  a  wheel 
attached  to  an  index.  When  the  atmospheric  pressure  in- 
creases, more  of  the  mercury  is  raised  up  into  the  longer  leg  of 
the  tube;  and,  of  course,  the  float  e  descends.  Should  the 
pressure  be  diminished,  the  mercury  rises  towards  the  orifice ; 
and  the  float  ascends ;  and  these  communicate  corresponding 
motions  to  the  wheel  and  index. 

The  barometer  is  also  called  the  toeather  gkus;  because  when 
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th«  atmospbene  pressure  is  dimmiihed  by  the  aco«mul«lioD  of 
Tapour  over  any  part  of  the  earth's  surface,  rain  is  almost  sore 
to  follow;  asd  when  it  begias  to  ^dl  bj  the  second  cavse,  wiad 
may  be  expected.  When  the  atmosphere  returns  to  a  settled 
state,  that  is,  when  the  rapoar  is  precipitated,  and  the  vacovm 
is  filled  up  by  the  surrounding  air  rushing  in  as  wind,  the  mer- 
cury rises,  and  we  look  for  calm  and  settled  weather:  see  Chap. 
XVI.  s.  11. 

The  hygrometer  is  another  instrument  for  prognosticating  rain, 
but  on  a  different  principle  from  the  barometer.  It  is  made  of 
^ps  of  whalebone,  strings  of  catgut,  the  beard  of  the  wild  oat, 
or  any  substance  that  readily  attracts  moisture.  Should  the  air 
be  in  such  a  state  as  not  to  suspend  the  aqueous  particles,  the 
substances  become  relaxed  and  damp,  akd  rain  may  be  expected; 
but  when  it  buoys  them  up,  the  material  forming  the  hygrome- 
ter remains  itry  with  an  increase  of  tension.  Should  a  string 
ol  catgut  be  coiled  round  a  very  delicate  wheel  with  an  index 
like  that  of  Fig.  28,  one  end  fastened  to  the  wheel  and  the  edier 
to^  a  pin  at  a  yard  distimee;  by  its  contractions  and  relaxattoas, 
it  will  move  the  wheel,  ^d  the  index  will  point  out  the-  state  of 
the  air. 

The  aeirpump  is  an  instrument  for  making  experiments  on  the 
mechanicaJ  properties  of  the  atmosphere.  It  consists  of  a  large 
glMS  vessel  in  the  shape  oi  a  bee-hive,  called  the  receiver,  which 
i»  placed  upon  a  brass  plate,  that  has  a  hole  in  the  middle ;  a 
piece  of  wet  leather,  called  a  collar,  being  inserted  for  the  bet* 
ter  exclusion  of  the  air.  A  barrel  is  fixed  to  the  hole  in  the 
brass  plate,  in  which  is  a  piston  and  a  valve,  that  works  in  &e 
manner  of  a  common  pump.  Sometimes  there  are  two  ptstons 
and  valves ;  and  they  are  so  contrived  as  to  work  with  a  handle 
or  winch,  which  being  turned,  the  air  is  pumped  out  from  the 
peceiver.        '^ 

By  this  apparatus,  it  has  been  ascertained,  that  the  atmosphvra 
presses  upon  each  square  inch  of  the  earth's  surface  with  a  force 
equal  to  15lbsr;  that  it  presses  equally  in  9XL  directions;  that  it  is 
ekstie,  having  a  spring  equal  to  the  force  that  compressea  it; 
that  on  aoeount  of  this  elasticity,  it  varies  in  density  at  dl  alti* 
tildes;  and  that  it  is  rendered  more  elastic  by  heat  It  has 
also  been  ascertained  that  a  cubic  inch  of  air  in  vacuo,  will  raise 
the  barometer  nearly  as  high  as  the  whole  atmosphere.  A 
half  blown  bladder  put  into  the  receiver,  will,  while  the  reoeiTcr 
is  exhausting,  expand  and  finally  burst.    A  siodlar  effect  Im 
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prochioad  in  dt  bodies  conUining^  imprnoiMd  ftir.  In  ^  ex* 
lumsted  receiyer  the  miolre  of  a  candle,  baving  no  air  to  rfse  in, 
w31  hXt  to  die  bottom ;  a  pistol  fired  in  it  will  make  no  report ; 
no  lamp  or  candle  will  bum,  and  no  animal  can  Kve  in  it. 

8.  VARIOUS  USES  OF  ATMOSPHERIC  PRBSSURB. 

As  die  atmosphere  presses  eqaally  in  all  directions,  whether 
upwards  or  laterally  by  its  spring,  or  downwards  by  its  weight ; 
eyery  square  inch,  therefore,  of  the  surface  of  a  man^s  body 
mast  be  pressed  with  a  force  equal  to  15 lbs.,*  so  that  the  collec- 
tire  pressure  against  all  parts  of  his  body  will  amount  to  12  or 
15  tons.  It  has  been  sometimes  stated  that  he  bears  all  this 
weight  upon  him,  but  it  is  not  so ;  for  he  is  as  much  buoyed  up 
by  it,  as  he  is  pressed  down;  and  he  may,  therefore,  be  said 
rather  to  swim  in  it,  than  otherwise.  By  this  pressure  U  is,  that 
the  skin  is  made  to  fit  so  tighdy  to  the  hoAy,  and  sliew  all  the 
shape  of  the  muscles ;  instead  of  stretching  smoothly  across  the 
caiides,  or  hanging  loosely  around  the  whole  like  a  sack. 
Were  a  man  placed  in  an  exhausted  receiver,  the  air  confined 
in  his  body^,  and  the  vapour  that  would  be  immediately  generated 
by  die  vital  heat,  would  so  expand  as  to  rend  the  fleshy  fibrei 
and  burst  the  skin.  It  is  related  of  Count  Zamiieccari  and  his 
companions,  that  they  ascended  so  high  in  an  air  balloon  thfl^ 
tlieir  hands  and  feet  swelled,  till  it  was  afterwards  necessary  for 
die  surgeon  to  make  incisions  in  the  skin.  The  same  has  fr^ 
qnently  tairon  place,  but  in  a  less  degree,  in  persons  aseendiii|f 
Co  the  tops  of  very  high  mountuns :  the  atmospheric  pressure 
not  counterbalancing  the  fluids  of  the  body. 

As  this  pressure  of  die  atmosphere  is  almost  continuidly 
varying,  so  as  to  eause  the  barometer  at  times  to  rise  or  hXL 
diree  inches,  which  is  about  one^tenth  of  its  height ;  so  the 
pressme  against  the  body  wfll  also  vary  ;  and  therefore  persons 
of  delicate  consdtudons  need  not  wonder  at  their  feeling  great 
uneasiness  previously  to  rain  or  a  very  high  wind,  when  they 
are  told,  that  the  pressure,  which  braces  t^ir  bodies,  will  some* 
dmes  diminish  almost  a  ton  in  the  space  of  a  few  hours ;  and 
in  a  man  of  the  largest  size  may  even  vary  a  too  and  a  half. 
However,  this  is  not  the  sole  cause  of  such  mtfeasiness :  see 
CSiap.  XX.  8.  7. 

'ntougfa  the  atmosphere  is  an  auxiliary  eauae  of  evaporation, 
by  hotdhig  the  V8|four  in  suspension,  and  taking  it  away  from 
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the  surface  of  the  earth  as  fast  as  it  is  generated;  yet,  by  its 
pressure  it  greatly  regulates  the  process.  For,  though  water 
on  a  plain  will  not  boil  till  it  attains  a  temperature  of  2L2deg. 
yet,  on  the  top  of  Mont  Blanc  it  was  found  to  boil  at  187  deg.;  and 
all  fluids  are  said  to  boil  in  vacuo,  that  is,  in  an  exhausted  re- 
ceiver, at  a  lower  temperature  by  145  deg.  than  under  the  pres- 
sure of  the  atmosphere.  Water,  therefore,  boils  at  67 deg.;  so 
that,  were  it  not  for  this  pressure,  in  one  of  our  hot  summer's 
days,  when  the  thermometer  ranges,  perhaps,  between  70  and 
80  deg. — the  whole  of  the  water  on  the  earth's  surface  would  bo 
conyerted  into  steam ;  and  on  most  occasions  evaporation  would 
take  place  as  soon  as  ice  should  be  dissolved  ;  so  that  we  should 
have  only  ice  and  steam,  and  no  water.  It  is  observed  that 
when  spirits  and  ether  are  exposed  on  the  tops  of  high  moun- 
tains, they  quickly  lose,  by  evaporation,  all  the  particles  on  which 
their  value  depends. 

The  pulse-glau  will  shew  how  readily  a  liquid  boils  in  vacuo. 
It  is  a  small  glass  tube  with  a  bulb  at  each  end,  containing  a 
little  spirits  of  wine,  but  exhausted  of  the  air;  and  hermetically 
sealed.  Should  this  instrument  be  held  in  a  sloping  direction, 
the  liquid,  by  the  mere  heat  of  the  hand,  will  soon  begin  to  boil; 
and  the  vapour,  rising  to  the  cold  bulb  at  the  other  end,  is  imme- 
diately condensed:  in  this  manner  would  the  whole  of  the 
liquid  pass  from  one  bulb  to  the  other. 

Though  the  receiver  of  the  air  pump  is  merely  placed  loosely 
upon  the  plate;  yet,  when  the  air  is  exhausted,  being  pressed  to 
the  plate  with  Uie  force  of  15  lbs.  to  every  square  inch  of  the 
external  surface,  it  requires  a  great  force  to  remove  it.  When 
two  hollow  hemispheres  are  placed  in  contact  with  each  other 
and  exhausted,  they  cohere  very  firmly ;  they  are  called  the 
Magdeburg  hemispheres,  because  in  that  city,  a  pair  was  made 
sufficiently  large  to  withstand  the  draught  of  the  emperor's  six 
coach  horses.  A  great  many  operations  are  carried  on  by  the 
pressure  of  the  atmosphere ;  among  which  is  that  of  a  child 
sucking  the  breast :  he  makes  a  vacuum  in  his  mouth,  and  the 
atmosphere  presses  the  milk  into  it.  The  limpit  exhausts  the 
air  from  its  shell,  which  fits  close  to  the  rock,  and  the  atmo- 
sphere presses  it  so  tight  that  with  great  difficulty  we  remove 
it ;  and  on  this  principle  it  is  that  the  boy  lifts  a  stone  with  his 
leathern  sucker.  The  upward  pressure  is  often  exhibited  to 
children,  by  laying  a  card  or  a  piece  of  writing  paper  over  a 
tumbler  glass  filled  with  water ;  then,  pressing  the  card  or  the 
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paper  with  the  flat  of  the  hand*  the  glass  may  be  turned  upside 
down ;  and  though  the  paper  be  no  longer  held,  may  be  thus 
carried  about  without  spilling  a  drop. 

4.    ELASTICITY  OF  THE  AIR. 

The  weight  of  a  column  of  air  one  foot  in  height,  is  equal  to 
one  twenty-eight  thousandth  part  of  the  atmospheric  pressure; 
consequently,  was  the  air  of  uniform  density,  the  elevation  of  the 
atmosphere  would  be  only  18,000  feet,  or  a  little  more  than 
5}  miles.  If  this  were  the  case,  it  would  be  easy  to  measure 
an  elevation  by  the  variation  of  pressure,  since  at  the  ele*> 
ration  of  2  miles  there  would  be  a  pressure  of  only  17'540 
feet; — but  as  the  elasticity  of  the  air  at  the  earth's  surface  is 
such  as  to  be  nearly  equal  to  its  downward  pressure—- of  course, 
the  upper  regions,  which  have  little  or  no  pressure,  will  consist 
of  air  almost  infinitely  expanded :  hence,  it  is  calculated,  that  at 
an  elevation  of  4000  miles,  a  cubic  inch  taken  at  the  earth's 
surlace  would  expand  so  as  to  fill  the  orbit  of  Saturn;  and  that 
in  a  mine  at  the  depth  of  42  miles  below  the  earth's  surface,  it 
would  be  as  dense  as  quicksilver*  Considering  the  pressure  at 
the  earth's  surface,  or  28,000  feet  the  standard,  it  has  been 
dednced,  that  at  an  elevation  of  18,000  feet  the  density  will  be 
about  a  half;  at  36.000,  a  fourth;  and  at  54,000  feet,  one  eighth. 
However,  such  a  multitude  of  circumstances  tend  to  cause 
variation  in  the  atmospheric  density  and  press  ure,  that  no  exact 
or  satisfactory  scale  to  suit  all  elevations  has  yet  been  given. 

In  ascertaining  elevations  by  the  barometer,  it  is  found  that 
the  mercury  falls  one-tenth  of  an  inch  for  an  elevation  of  100 
feet  near  (he  earth's  surface.  On  the  top  of  Snowdon  it 
stands  generally  at  3  inches  lower  than  on  the  plain;— the 
elevation  of  the  mountain  being  3,720  feet.  The  difference  of 
atmospheric  density,  as  existing  on  the  top  of  a  mountain  and  on 
a  plain,  in  a  valley  or  at  the  level  of  the  sea,  is  easily  ascertain- 
able. Take  a  glass  tube  of  uniform  diameter,  closed  at  one  end, 
the  other  or  open  end  being  immersed  in  water  or  mercury ; — 
then,  marking  where  the  water  or  mercury  stands  on  the  moun- 
tain, and  also  how  high  it  is  forced  into  the  tube  when  on  a 
plain,  both  the  difi*erence  of  density  and  the  altitude  of  the 
mountain,  according  to  the  above  scale,  may  be  ascertained. 
Thus :  should  the  mercury  on  the  plain  occupy  half  the  tube,-r- 
then,  the  density  on  the  mountain  is  half  that  on  the  plain,  and 
its  height  must  be  18,000  feet 
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BodiM  tkftt  are  of  less  specific  gnmty  duttt  atnaaiAeric  aur^ 
under  that  presaare  wlncli  it  has  at  the  earth^s  surface,  wiH 
swim  in  it ;  and  ascend  till  they  arrive  at  a  plaee  where  an  ^tpal 
bnlk  of  it  is  of  the  same  specific  gravity  with  themselves,  and 
there  remain  stationary*  This  is  the  foundation  of  the  science 
ealled  aerostation* 

The  mr  bailoon.  Hydrogen  gas  is  13  times  lighter  Htmrn 
atmospheric  air;  therefore,  should  a  quantity  of  this  gas  be  oeii- 
leeted  into  a  bag  made  of  very  slender  materials,  such  as  Tar- 
nished silk, — ^it  will,  as  cork  rises  from  the  bottom  to  the  surface 
of  a  vessel  of  water,  ascend  to  the  upper  regions  of  <Im  atmos- 
phere. As  the  bag  is  filled  under  the  atmospheric  preaauru,  of 
course,  it  will  dilate  as  it  gains  the  aerial  regions :  being  (faere 
acted  on  by  a  less  pressure.  If  therefore  we  wish  it  to  aaoead 
to  the  greatest  possible  height,  H  sheuM  be  «ade  large  umI 
capable  of  holding  muck  more  gas  than  ia  put  iuto  it  at  ike  eartlfa 
surface;  so  that,  as  it  is  elevated,  the  gas  may  liave  room  te 
expand.  But  in  this  ease  the  specific  gravity,  net  oiriy  of  the 
gas  but  of  the  malerials  which  confine  it,  must  be  takes  into 
consideratiott.  Allow  the  body  of  gas  confined  iu  a  large  hi^ 
loon  to  be  Id  times  tighter  than  atnoapherie  aic  at  the  eartb^a 
surface,  and  suppose  it  to  be  Bearly  fnll^  4hea,  making  u^de* 
Auction  for  the  weight  of  the  mateviaJsy  it  might  perhaps  rtae  IB 
or  12  miles.  But  besides  the  glazed  silk,  ifae  bag  ia  cmafiaod  in 
a  net,  which  serves  as  a  frame  work  for  the  whole;  and  to  Wihicii 
a  oar  or  boat  is  suspended,  t^t  frequently  containa  taro  peraona 
with  sundry  articles.  All  these  prevent  tlia  gas  from  exf^ndhig, 
and  considerbly  increase  the  specific  gravity  of  the  whole;  so 
that,  instead  of  rising  10  or  12  miles,  it  will  not  rise  above  2  or 
8.  However,  this  is  found  high  enough  for  any  animal  to  ascesd; 
for  the  difficulty  of  breathing  at  Ibis  elevation  is  very  great;  the 
vital  air  being  too  ^in  for  the  supply  of  life. 

In  June,  1M4,  two  gentlemen  ascended  in  a  baUoon  from 
Petersburg,  and  took  three  Ere  pigeons  with  them,  wbiclithey 
liberated  at  different  altitttdes.  The  birds  seemed  terrtfiod, 
and  apparently  not  without  reason.  For,  on  tumii^  off  tile 
first,  its  wings  appeared  to  he  nearly  useless  £ar  a  great  wagr  in 
its  descent.  The  second  straggled  hard,  Imt  in  vain,  to  regain 
tlM  ear;  and  the  third,  which  was  thrown  out  at  the  groatast 
-height,  fell  Kke  a  stone  <fe#a wards;  bo  that  it  isaupfssed  tint  it 
wouM  be  dead  before  it  amved  at  the  earth.  Birda  reapiie 
more,  in  proportion  to  their  size,  than  men;  eonaefuenify  they 
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wmM  be  more  exhmosted  tiian  their  compmioM,  md  therefore 
ve  need  not  wonder  at  their  fear  and  anwillingneaa  te  quit  the 
car:  being  both  out  of  brenth^  and  not  having  air  anfiieiently 
dense  to  afford  hold  for  their  wings. 

That  the  balloon  m^  not  rise  too  rapidly  at  first,  the  aere- 
nant  takes  with  him  a  few  bags  of  sand,  and  throws  them  o«t 
when  he  wonkl  increase  hie  Ovation.  When  he  wishes  to  dea- 
oend,  bj  e<Hrds  attached  to  a  valve  at  the  upper  part  of  the  hag« 
he  can  permit  anj  qnanlity  of  gas  to  escape  so  as  to  regnkAs 
his  descent  Cold  is  a  great  mconvenienee  to  aeronauts ;  far  al 
an  elevatioa  of  little  more  than  a  mile  and  a  ImU^  even  in  sm»- 
mer,  the  temperature  over  England  is  at  the  fireeaing  pnjnt;  mm! 
at  double  the  height,  as  slated  Chap.  VI.  a.  ia»  is  perpalaal 
congelation  even  under  the  torrid  none. 

Atmospheric  air  b  getmrally  said  to  be  oompresaiUe  into  IM 
times  less  space  tlmn  it  usually  occupies  at  the  earth's  aorfaoe ; 
and  w^ne  the  force  increased  wi^  instruments  safficsenlly' 
strong,  it  is  not  known  to  what  degree  of  density  it  might  he 
compressed :  some  late  experiments  seem  to  prove  that  it  may 
be  condensed  till  it  assumes  the  form  of  a  permanent  fluid.  At 
a  density  of  138,  its  spring  is  always  nearly  equal  to  the  force 
whii^  compresses  it;  so  that,  however  long  it  may  be  kept  in 
this  confined  state,  it  is  always  ready  to  recover  its  former 
hnonds.  But  when  atmospheric  air  is  oomfwessed,  it  invaria- 
Uy  emits  both  light  and  heat ;  therefore,  it  will  lose  a  little 
dnsticity  on  account  of  this  loss  of  caloric ;  and,  for  the  same 
reason  when  it  recovers  its  equilibrium,  it  produces  a  very  sen* 
stble  degree  of  cold.  At  the  mines  of  Chemnitx,  in  Hungary, 
is  a  wery  curious  machine  called  the  fountain  of  Hiero ;  wheroin 
air  is  compressed  with  a  column  of  water  260  foet  high — which 
is  about  eight  times  the  atmospheric  pressure.  Whenever  a 
litde  el  ^is  air  is  permitted  to  escape,  the  moisture  contained 
in  it  congeals  and  falls  down  in  snow,  or  adheres  in  icicles  to 
the  stop  cock.  On  this  principle  may  the  extreme  cold,  which 
prevails  in  the  upper  regions  of  ike  atmosphere,  in  some  mea- 
mmm  be  aocontc^  for. 

The  on*  jjfun  is  an  instrument  comtmeted  on  this  elastic  pmn- 
eiple  of  atmospheric  asr.  The  air  is  compressed  into  a  smaU 
h^ow  globe,  by  an  instrumeoit  oalled  a  condenser,  which  eou- 
tflels  of  a  barrei,  a  piston,  and  a  ralve«  One  of  these  gM>ea, 
wherein  tiie  air  is  condensed,  ib  ecvewed  en  to  the  losrer  end  of 
the  barrel  of  a  fowling-piece  made  for  the  pnrpoae ;  and  the  baH 
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being  properly  disposed,  on  pulling  the  trigger,  the  air  escapes; 
and  by  its  elastic  spring,  propels  the  ball  with  a  velocity  nearly 
equal  to  that  given  by  gunpowder. 

The  elasticity  of  the  air  may  be  easily  proved  by  placing  a 
cork  or  a  bit  of  paper  upon  water,  and  inverting  a  common 
tumbler  glass  over  it  — when,  should  the  glass  be  pressed  down, 
the  air  inside  will  prevent  the  water  from  rising  above  a  certain 
height,  as  will  be  shewn  by  the  cork  or  paper  swimming  on  the 
surface.  The  diving-bell  is  an  apparatus]  of  this  kind,  only  on 
a  larger  scale.  It  is  shaped  like  the  glass,  open  at  the  bottom, 
and  suspended  like  a  common  bell.  Inside  are  seats  for  one  or 
more  persons ;  and  weights  are  disposed  around  the  bottom  to 
balance  it,  and  cause  it  to  sink.  Being  thus  prepared,  it  is  let 
down  into  the  water,  with  the  divers  in  it,  sitting  in  the  upper 
part  wherein  the  air  is  compressed.  At  34  feet  beneath  the  sur- 
face of  the  water,  the  density  of  the  air  inside  the  bell  is  doubled; 
and  at  68  feet,  it  is  trebled  ;  which  compression  occasions  an 
uneasy  sensation  in  the  ear,  by  the  great  pressure  of  the  air 
against  the  membranum  tympani.  But  the  greatest  inconve- 
nience arises  from  the  oxygen  gas,  or  vital  air,  in  so  small  a 
space  being  very  soon  exhausted.  To  remedy  this,  they  con- 
trive to  let  down  as  needed,  barrels  of  fresh  air,  which  are 
emptied  by  the  divers  into  the  bell ;  and  a  stop  cock  at  the  top 
of  the  bell  permits  the  effete  or  contaminatbd  air  to  escape. 
These  barrels  are  let  down  in  the  same  manner  as  the  bell,  that 
is,  the  bungs  are  open ;  but,  being  at  the  under  side,  it  answers 
the  same  purpose  as  if  they  were  carefully  closed;  and  thus 
saves  a  great  deal  of  trouble.  A  forcing  pump  is  sometimes 
affixed  for  the  supply  of  air.  Inserted  in  the  upper  part  of  the 
bell,  is  a  square  of  glass  for  the  sake  of  light.  Candles  have 
been  used  for  this  purpose ;  but  a  small  candle  is  found  to  con- 
sume as  much  air  as  one  person,  and  to  contaminate  the  rest 
much  more.  By  this  apparatus,  ships  may  be  unloaded  at  the 
bottom  of  the  sea ;  the  heavy  materials  being  drawn  up  with 
ropes,  which  the  divers  fasten  to  them. 

The  great  difficulty  and  danger  attending  diving  bells  arise 
from  obtaining  the  fresh  air.  Two  young  men  descended  in 
one  to  visit  a  wreck  in  the  Bay  of  Dublin.  They  were  to  ring 
a  bell  for  the  cask  intended  to  supply  them  with  fresh  air ;  bu^ 
by  the  contraction  to  which  ropes  are  liable  on  being  wetted, 
the  bell  turned  round  in  its  descent,  and  thus  entangled  the 
cords  communicating  with  the  bell.    The  asaiitanta  stationed 
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•bore  waited  too  long  for  the  signal ;  and  on  drawing  them  up, 
found  them  both  dead.  They  were  not  drowned,  but  died  the 
death  of  the  unfortunate  people  in  the  hole  of  Calcutta,  namely, 
for  want  of  yital  air. 

The  forcing  pump,  Fig.  29,  is  another  pneumatical  instrument 
depending  on  the  elasticity  of  the  air.  By  the  common  pump, 
water  can  only  be  raised  from  30  fo  35  feet ;  but  by  the  addition 
of  the  forcing  apparatus,  the  height  is  unlimited.  It  consists 
of  an  upright  tube  like  the  common  pump ;  but  the  piston  or 
plunger  contains  no  valve.  A  little  above  the  valve  B,  which 
is  6xed  in  the  tube,  is  another  side  valve,  and  a  tube  that  leads 
to  a  strong  iron  vessel.  When  the  piston  rises,  the  water  as* 
cends  into  the  chamber  between  the  piston  and  the  lower  valve, 
where  it  Is  secured  by  the  valve  ;  which,  opening  upwards,  is, 
when  the  chamber  is  filled,  pressed  down  by  the  water.  The 
piston  then  descends,  and  forces  the  water  through  the  side 
tube  into  the  air  vessel  D ;  and  its  return  is  in  like  manner 
prevented  by  the  valve  C.  Into  the  top  of  this  air  vessel  it 
fixed  a  small  tube  that  descends  inside  to  e,  or  almost  to  the 
bottom  of  the  vessel ;  so  that  its  orifice  is  beneath  the  surface  of 
the  water ;  and  the  air  is  compressed  into  the  upper  part  of  the 
vessel  with  the  force  with  which  the  piston  descends.  The 
elastic  spring  of  the  air  pressing  upon  the  surface  of  the  water, 
forces  it  up  through  the  pipe  in  a  constant  and  regular  stream. 

The  Jire  engine,  and  the  engine  for  watering  gardens,  are  con- 
stmcted  on  the  same  principle ;  as  is  also  the  artificial  fountain. 
This  last  instrument,  chiefly  used  for  the  amusement  of  children, 
consists  merely  of  a  bulbous  air  vessel,  into  which  the  water  is 
pat  before  the  air  is  compressed.  The  compression  is  made  by  a 
condenser.  The  pipe  is  furnished  with  a  stop-cock;  which, 
wlien  opened,  permits  the  water  to  escape  in  a  fine  stream,  that 
descends  in  a  beautiful  manner  like  a  shower  of  rain. 

5.   SOUND  OR  ACOUSTICS* 

Among  the  numberless  advantages  derived  from  the  elasticity 
of  air,  is  that  of  sound ;  which  is  nothing  more  than  the  air  put 
in  motion  by  sudden  and  violent  jerks  or  pressures.  These  give 
rise  to  propulsions  or  vibrations,  that  move  somewhat  in  the 
same  manner  as  the  undulations  seen  in  water  when  we  throw  a 
stone  into  it.  But  in  air  they  are  much  more  pungent  and 
decisive,  on  account  of  the  great  velocity  with  which  they 
moTo. 
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The  MnMtioB  of  BonmA  is  esuied  by  these  yibrations  extend- 
mg  flieBmeiyes  to  the  air  that  oecupies  the  internal  parts  of  die 
ear,  and  givittg  motion  to  the  instruments  therein  placed,  which 
are  most  snriously  contrived,  so  as  to  produce  certain  effects 
ott  te  awliterj  nerves.  During  winds  the  air  moves  in  streams, 
or  a  portion  of  the  atmosphere  changes  its  place;  in  sound  it 
mo?Bs  without  changing  place.  The  velocity  of  the  swiftest 
wiad,  in  this  quarter  of  the  globe,  seldom  exceeds  50  or  60  miles 
per  hour;  while  the  propulsions  that  produce  sound  move  at 
the  rate  of  778}  miles.  Was  the  quantity  of  air,  which  is  put 
im  motion  during  a  wind,  to  move  with  the  velocity  of  sound, 
not  to  mention  the  general  distruction  of  nature,  our  ear^  would 
be  for  ever  disabled  by  the  blast.  A  cannon  ball  moves  nearly 
with  tlie  same  veloeity  as  sound;  hence  engineers  and  others 
have  frequently  lost  tiieir  hearing,  by  their  heads  coming  in 
contact  with  the  air  struck  by  the  firing  of  large  guns,  or  the 
passage  of  baDs : — the  extent  of  the  vibration  at  the  focus  being 
so  much  greater  than  it  is  at  a  distance. 

That  sound  depends  upon  the  air,  may  be  proved  by  a  bell 
suspended  in  the  exhausted  receiver  of  an  air-pump;  when, 
however  struck,  it  will  emit  no  sound.  Aeronauts,  when  at 
great  elevations,  can  hardly  hear  themselves  speak ;  and  a  pis- 
tol fired  in  liiese  upper  regions,  makes  very  little  report.  It  is 
chtefiy,  therefore,  to  the  density  of  the  atmosphere  (hat  we  owe 
the  origin  of  sound.  However  the  atmosphere  is  not  the  sole 
nedtnm  of  sound.  It  may  be  propagated  in  water,  as  may  be 
prev>ed  by  ringing  a  bell  in  it,  which  will  emit  a  sound  one- 
fisurdi  more  loud  and  shrill  than  when  rung  in  air.  Fish,  as  is 
^evy  well  known,  have  the  sense  of  hearing  very  acutely  at  the 
greailest  depths.  Sound  is  also  capable  of  being  transmitted 
through  solid  bodies ;  and  that  to  a  certain  degree,  with  greater 
velocity  than  through  air.      ' 

The  human  voi<ie  is  propagated  by  the  expulsion  of  air  firom 
the  lungs.  At  the  lop  of  the  trachea  or  wind-pipe  is  the  larynx, 
consisting  of  four  or  five  cartilaginous  and  muscular  rings>  by 
which  we  can  adjust  the  orifice  called  the  glottis  to  any  width. 
The  diameter  of  this  orifice  at  its  utmost  stretch  is  about  one- 
tenth  of  an  inch,  and  the  human  voice  is  capable  of  sixty  varia- 
tions ;  therefore,  each  alteration  in  the  adjustment  of  this  orifice 
or  of  its  diameter  cannot  exceed  a  six-hundredth  part  of  att 
inch.  On  the  strength  of  the  muscles  of  the  larynx,  or  their 
more  or  less  perfect  eonformation  depends  the  peculiarities  of 
the  voice,  as  to  strength,  sweetness  or  otherwise. 
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The  aaterior  and  larger  part  of  the  lar  jnx  is  composed  of  two 
cartilages;  one  of  wluch  is  shaped  like  a  buckler,  and  the  other 
resembles  a  ring. — ^Tbe  former  by  its  conyexitj  forms  the  emi- 
nence on  the  front  of  the  throat  called  Adam's  apple.  Together 
tiiey  compose  a  mnscnlar  box  in  which  is  enclosed  the  glottis. 
In  speaking  and  singing  this  organ  or  box  moves  np  and  down, 
as  maj  be  distinctly  perceived  by  the  external  application  of  the 
finger.  For  prgdncing  an  acnta  note  or  a  shrill  tone,  it  is  drawn 
upwards  and  more  forward ;  and  to  assist  the  contraction  of  the 
muscles,  the  head  is  reclined  backwards,  so  that  the  orifice  is 
much  narrowed.  Bat  for  producing  the  lowest  bass  notes  or 
deep  tones  the  head  is  brou^t  forward  to  relax  the  muscles, 
when  the  organ  descends;  and  the  orifice  is  widened  to  its 
greatest  stretch.  The  lowering  or  raising  of  the  organ  is  an  inch 
for  ererj  octave,  and  the  strength  of  the  voice  principally  de» 
pends  on  its  size — ^for  it  is  very  small  in  females  and  those  who 
hare  a  weak  voice. 

But  though  the  voice  originates  at  the  glottis^  it  is  in  the 
mouth  where  the  power  of  speech  is  situated.  The  tongue,  with 
tile  assistance  of  Uie  teeth,  lips,  and  all  the  parts  that  compose 
(he  mouth,  modulates  the  sound  after  it  has  been  propagated, 
apportions  it  out  in  lengths,  articulates  them,  and  gives  them 
different  intonations;  a  certain  number  of  which,  arranged 
according  to  certain  laws,  being  the  sign  of  some  idea,  we  call 
a  word. 

Wind  instruments  with  stops  may  not  improperly  be  deno- 
nnnated  artificial  voices.  The  orifice  at  which  the  wind  enters 
is  the  glottis;  and  the  stops,  though  not  capable  of  giving 
articulation,  can  produce  modulations  similar  to  those  of  the 
human  voice.  All  bodies,  that  aire  elastic,  when  struck  will 
emit  sound ;  for,  it  is  evident,  that  when  a  body  is  sounding  it 
is  in  a  vibrating  state ;  and  its  vibrations  impart  corresponding 
impulses  to  the  air.  Wind  instruments  are  struck  by  the  air ; 
and  they,  in  return,  imprint  other  motions  on  the  air.  That 
portion  of  air  escaping  from  the  different  holes  or  stops,  gives 
the  different  modulations  by  altering  the  vibration  of  the  instru- 
ment ;  and  by  their  being  disposed  at  certain  distances,  they 
produce  the  same  effbct  as  when  stringed  instruments  are 
struck. 

It  is,  perhaps,  on  the  same  principle  that  homogeneous  solid 
bodies  eonduct  or  transmit  sound.  Thus  a  watch  placed  at  one 
end  of  a  loAg  piece  of  timber,  or  at  the  end  of  Several  pieces 
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conjoined,  maj  be  distincdj  heard  by  placing  the  ear  at  the 
other  end ;  the  whole  of  the  timber  being  in  unison,  transmits 
the  sound  or  continues  the  vibration  from  one  end  to  the  other; 
and  that  in  a  less  space  of  time  than  it  could  be  transmitted 
through  the  air.  Sound  is  transmitted  a  long  way  on  the  surface 
of  water,  providing  no  stream  intervenes;  and  footsteps  may 
be  heard  at  a  great  distance  in  a  still  night,  by  placing  the  ear 
upon  the  ground.  This  is  much  practised  among  savage  nations, 
especiaUy  when  at  war  with  each  other;  and  it  is  said  that  the 
reports  of  cannon  fired  at  Toulon  may  be  heard,  by  this  means, 
at  Monoco,  though  the  distance  is  75  mUes. 

The  distance  to  which  sound  may  be  heard  through  the  air, 
depends  on  a  variety  of  circumstances.  In  calm,  serene  wea- 
ther, when  every  thing  is  quiet,  and  the  barometer  is  high, 
sound  is  much  stronger,  and  is  heard  from  a  much  greater  dis- 
tance, than  under  the  opposite  circumstances.  It  is  heard  far- 
ther over  a  smooth  surface,  and  still  water,  than  over  a  rough, 
uneven  surface,  beset  with  trees  and  other  objects,  or  over 
agitated  water.  Under  favourable  circumstances,  St  Paul's 
clock  has  been  heard  to  Windsor.  An  instance  is  related  of 
the  human  voice  having  been  heard  ten  miles.  An  ordinary 
mu3ket  cannot  be  heard  above  seven  or  eight  miles ;  but  the 
discharging  of  several,  not  simultaneously  but  following  each 
other  very  closely,  may  be  heard  from  a  much  greater  distance. 
It  has  been  said,  that  in  the  Dutch  war  of  1672,  the  reports  of 
cannons  were  heard  at  the  distance  of  more  than  200  mUes. 

Sound  owes  a  great  deal  of  its  strength  to  reflecting  surfaces; 
for  it  moves  from  the  focus  or  place  where  it  is  generated  in  a 
globular  manner,  that  is,  spreading  on  all  sides ;  and  the  radii 
are  always  equal,  since  the  gentlest  whisper  is  found  to  move 
with  the  same  velocity  as  the  loudest  report  of  a  cannon.  Should 
the  focus  be  at  the  earth's  surface,  the  sound  therefore  will  have 
only  a  hemisphere  to  move  in ;  and  will  be  of  double  the  inten- 
sity that  it  would  be  of  if  the  focus  were  at  a  considerable 
elevation  in  the  atmosphere. 

Sound  is  capable  of  being  reflected  like  light  and  heat,  and 
the  reflected  wave  is  called  an  echo.  As  the  angle  of  reflection 
is  equal  to  the  angle  of  incidence,  echoes  will  not  often  be  heard; 
for  a  person  can  only  hear  the  echo  of  his  own  voice,  when  the 
reflecting  surface,  be  it  the  wall  of  a  house  side,  a  rock,  or  hill, 
is  at  rigbt  angles  with  a  line  from  his  mouth  to  that  surface. 
In  this  case,  he  may  pronounce  the  syllables  1,  2,  3,  4,  5,  6,  so 
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u  the  next  word  7,  would  occupy  two  seconds ;  and  standing 
at  the  distance  of  1142  feet,  he  will  hear  them  distinctly  repeated 
by  the  echo,  which  will  seem  to  begin  as  he  ceases.  Should  a 
person  stand  half  way  between  him  and  the  reflecting  surface, 
but  in  the  line  of  coincidence,  he  will  hear  each  syllable  twice ; 
that  is,  as  it  passses  to  the  reflecting  surface  and  as  it  returns. 
But  should  the  reflecting  surface  be  oblique  to  the  line  of  inci- 
dence, then,  the  echo  will  be  only  heard  by  a  person  standing 
at  the  angle  of  reflection ;  and  not  by  the  person  himself.  Hence 
a  person  speaking  in  a  narrow  passage,  among  rocks,  in  a  dell, 
or  in  the  mouth  of  a  cave  (from  this  circumstance  called  a  re- 
peating cave),  will  sometimes  hear  many  echoes ;  and  some- 
times a  re-echo,  or  the  sound  a  second  time  reflected ;  and  at 
other  times,  he,  though  in  company,  will  hear  a  sound  which 
no  one  else  hears  :  he  alone  being  at  the  angle  of  reflection. 

On  the  above  principle,  sounds  are  capable  of  being  con- 
densed, or  of  being  collected  into  a  focus.  The  larynx  and 
j^ottis  form  the  place  where  the  human  voice  is  propagated; 
but  it  is  condensed  by  the  mouth;  and  the  speaking  trumpet, 
which  may  be  considered  as  an  elongation  of  the  mouth,  still 
farther  condenses  it.  The  common  speaking  trumpet,  is  merely  a 
tube  enlarging  from  the  end  applied  to  the  mouth  to  the  other  end. 
This  perhaps  is  the  best  shape  for  a  trumpet  that  is  to  compre- 
hend a  field  within  the  sweep  of  the  sound.  But  a  speaking 
trumpet  may  be  so  constructed,  that  the  sound  shall  be  collected 
into  a  line;  so  that,  if  two  persons  are  standing  together,  one 
only  shall  hear  it.  Ihe  tube  of  this  instrument,  according  to 
Walker,  is  uniform  from  the  mouth  end,  till  it  comes  nearly  to 
the  other  end ;  when  it  suddenly  enlarges,  or  bends  backwards 
almost  in  the  manner  of  a  French-horn,  but  more  abruptly. 
However  this  instrument  can  only  be  used  where  it  can  be  fixed; 
and  it  is  that  which  enables  juggling  itinerants  to  make  their 
figures  speak. 

The  same  form  would  answer  better  for  the  hearing  trumpet, 
because  the  line  can  be  directed  into  the  orifice  of  the  ear ; 
though  they  are  very  seldom  made  in  this  shape,  the  conical 
being  that  which  mostly  prevails.  The  principle  on  which 
hearing  trumpets  act  is  this : — their  wide  end  being  directed  to 
the  place  whence  the  sound  issues,  collects  and  condei^ses  the 
vibrations  of  the  air  and  transmits  them  into  the  ear.  In  short, 
if  we  examine  the  human  ear,  we  shall  find  the  hearing  trumpet 
but  a  clumsy  imitation  of  it.    It  may,  therefore,  be  considered 
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as  an  eloHgadon  of  the  external  ear,  and  man  freqaently  per- 
forms its  office  by  ^e  application  of  his  hand.  We  also  see  aU 
animals  in  the  act  of  listening,  turn  the  ori6ce  of  the  ear  towards 
the  soand, — stretching  it  open  to  collect  as  wide  a  portion  of 
the  waves  as  possible. 

The  well  known  whispering  gallery  in  the  dome  of  St.  Panl's 
is  the  inside  of  a  hemisphere,  so  that  if  the  mouth  be  placed  at 
one  side,  and  the  ear  diametrically  opposite  on  the  other,  the 
gentlest  whisper  may  be  heard  as  distinctly  as  if  the  month  and 
die  ear  were  both  together.  For  at  the  place  where  the  ear  is 
situated  are  all  the  waves  collected  into  a  focus; — it  being  the 
l^ace  where,  according  to  mathematical  rules,  all  the  lines  of 
reflection  will  meet  from  the  places  where  the  lines  of  incidenoe 
impinge  upon  all  parts  of  the  hemispherical  cupola,  as  well  as 
the  wave  that  travels  diametrically  across  to  the  ear.  Bat 
should  the  ear  not  be  diametrically  opposite  the  month,  the 
words  will  be  heard  doubly  or  confusedly;  since  the  waves 
coming  directly  or  along  the  shortest  arcs  will  arrive  sooner  at 
the  ear,  than  those  that  make  the  circuit  of  the  longest. 

All  sound  whether  it  be  a  gentle  whisper  or  the  dreads  re- 
port of  the  cuinon,  travels  wi^  the  same  velocity,  viz.  1142  feet 
per  second,  or  about  13  miles  per  minnte:  but  when  its  motion 
is  against  the  wind  it  is  slower,  and  when  with  the  wind  it  is 
quicker — in  the  former  case  the  velocity  of  tlie  wind  must  be 
added,  and  in  the  latter  it  must  be  subtracted.  The  traaiiaiiiioa 
of  sound  has  therefore  been  applied  to  ascertain  the  distance  of 
objects.  But  this  can  only  be  done  when  we  can  see  the  act  tkat 
produces  the  sound,  as  in  the  case  of  firing  a  gun  we  see  the 
flash.  Light,  from  its  quick  transmission  is  considered  as  instan* 
taneous  in  its  passage;  and,  therefore,  we  suppose  the  flash  to 
be  seen  at  the  same  instant  in  both  places.  Suppose  then  a  gun 
be  fired  from  a  ship  in  distress  at  sea,  the  sound  wttl  not  he 
heard  for  some  time  after  the  flash  is  seen.  Should  we  oouiit 
the  intervening  seconds  by  a  watch  and  multiply  diem  by  114S, 
the  number  of  feet  that  sound  moves  in  a  second,  it  will  give  tiie 
distance  of  the  ship.  Or,  seeing  u  cannon  fired  att  a  certain 
place,  at  a  known  distance,  whence  the  wind  blew*  dmct,  tlMn 
the  lime  in  which  the  sound  arrives  subtracted  irom  the  time 
in  which  it  wovAi  arrive  in  a  cdm,  wiU  shew  the  vdocity  of  Ike 
wind. 

The  time  occupied  in  Uie  transmission  of  soihmI  asoonnta  for 
the  continued  rumbling  noiae  of  thunder.    If  or  thmof^  a  p«al 
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coBtume  90  seconds,  it  is  bat  one  ctap  as  instaattneoos  as  the 
•rack  of  a  pistol.  Suppose  a  flash  of  lightning  extend  fonr  miles 
dong  a  thnoder  cloud.  This  flash,  as  may  be  seen  by  the  eye, 
is  simnltaneoas  from  end  to  end  ;  and  is,  by  the  sudden  yibra* 
tlon  it  gives  to  the  air,  the  cause  of  the  sound  we  call  thwider. 
A  person,  stationed  directly  under  one  end  of  the  flash,  wiH  see 
the  whole  chain  exactly  at  the  same  instant.  Suppose  the  cloud 
S80  yards  high,  he  will  hear  the  report  or  commencement  of 
the  thunder  just  one  second  after  he  has  seen  the  flash.  But  as 
the  other  end  of  the  report  is  four  miles  from  him,  it  will  be 
more  than  18  seconds  before  the  sound  reach  his  ear;  yet, 
daring  the  interval  the  vibrations  from  the  intervening  part  have 
been  entering  his  ear,  presenring  the  continuity  of  sound  or  the 
rolling  of  thunder.  Should  he  be  placed  about  half  way  be- 
tween the  two  ends,  he  will  hear  the  thunder  peal,  as  it  were, 
separate  into  two  branches — the  sound  coming  from  each  side 
at  tiie  same  time ;  but  it  will  be  of  only  half  the  duration. 

6.    MUSICAL  STRINGS. 

It  is  ibund  that  if  a  string  be  stretched  between  two  pins,  and 
then  be  struck  or  pulled  to  one  side  it  will  move  as  far  to  the 
otfier  side,  and  then  nearly  as  far  back  again ;  and  thus  vibrate 
for  a  considerable  time: — each  vibration  diminishing  till  they 
finally  cease — though  the  time  occupied  in  each  vibration  from 
beginning  to  end  is  exactly  the  same.  Two  strings  in  every  res* 
pect  the  same,  will  produce  exactly  the  same  tone,  and  are  said 
to  be  in  umsen.  A  string  half  the  length  of  another  will  vibrate 
in  half  the  time,  or  make  two  vibrations  for  the  other  one, — 
each  second  vibration  of  the  shorter  one  commencing  with  each 
vibration  of  the  longer  one.  A  staging  two  thirds  the  length  of 
^e  long  string  will  vibrate  three  times  to  its  twice.  Should 
we  suppose  the  long  string  to  consist  of  120  parts,  and  to  vibrate 
68  times  in  a  second,  then  we  may  have  seven  divisions  of  it^ 
with  Uieir  according  ribrations ;  and  the  number  of  times  which 
each  one  vibrates  in  a  second,  as  in  the  following  table. 


Names  of 

DirMoni  of  the 

AoMiding 

VIbntlontin  a 

String*. 

Long  String. 

VIbntihrat.    , 

Seonid. 

First 

1  or  120 

60 

Minor  Third 

i    -    100 

6    •    6 

72 

Major  Third 

f    -      96 
1    -      90 

6    •    4 

76 

Fourth 

4    •    8 

80 
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These  strings,  when  struck,  will  produce  different  sounds; 
hut  the  vibrations  of  each  will  accord  or  commence  together  at 
the  above  stated  intervab  with  the  original  long  string;  and  they 
are,  therefore,  said  to  form  a  concordance  or  to  harmonize. 
When  the  strings  have  not  those  proportions,  and  consequently 
not  these  periodical  concordances,  they  form  discords  by  the 
vibrations  continually  intercepting  each  other,  and  thus  jarring 
or  checking  each  others  momentum. 

The  above  proportions  constitute  the  diatonic  scale,  and  are  the 
foundation  of  all  music; — producing  the  greatest  number  of 
recurring  vibrations  or  concords  that  can  be  had  at  the  least 
intervals ;  and,  with  the  addition  of  five  intervening  strings  that 
produce  half  tones,  each  one  being  a  sharp  to  the  one  below  and 
a  flat  to  the  one  above,  constitute  the  musical  alphabet.  All 
the  strings  together  form  one  octave.  But  the  same  divisions 
may  be  repeated  on  the  short  string  or  60,  when  its  octave  wiU 
be  30;  and  this  may  be  again  divided;  as  also  its  octave.  Some 
instruments  contain  10  octaves,  rising  one  above  another;  yet, 
constructed  on  a  regular  scale,  so  as  to  preserve  the  proportions. 
The  piano  generally  has  5,  but  sometimes  7  octaves. 

The  strings  are  not  thus  exactly  measured  in  all  instruments ; 
because  the  least  difference  either  in  the  materials  of  which 
strings  are  made,  their  thickness  or  tension,  which  is  continually 
varying  with  the  weather,  makes  a  difference  in  the  tone.  They 
are  therefore  fixed  according  to  the  sound  itself,  as  determined 
by  the  accuracy  of  the  ear ; — ^which  is  called  tuning  them.  The 
construction  of  most  instruments  must  consequently  depend  on 
the  ear ;  for  in  many  wind  instruments,  in  musical  glasses,  and 
even  in  a  great  many  stringed  instruments,  no  actual  pro- 
portions can  be  applied;  and  the  only  means  we  have  of  pro- 
ducing the  above  sets  of  harmonies  or  octaves,  is,  by  altering 
and  adjusting  the  instrument  or  tension  of  the  string  till  the 
right  tone  is  produced.  In  the  violin  the  lengths  of  the  strings 
are  varied  by  the  disposition  of  the  fingers ;  and  in  the  flute  the 
octaves  are  chiefly  produced  by  the  manner  of  blowing. 

The  vibration  of  strings  is  on  the  same  principle  as  that  of 
pendulums: — each  string  being  considered  as  two  pendulums 
joined  together  at  the  points  of  oscillation,  and  as  describing 
very  small  arcs.  Now  as  pendulums  of  the  same  length  oscillate 
in  the  same  time,  whether  the  arcs  which  they  describe  be  great 
or  small,  so  the  vibration  of  equal  strings  will  be  performed  in 
the  same  time : — hence,  though  one  string  be  violently  struck  so 
as  to  produce  a  loud  sound,  and  another  in  unison,  so  gently  as 
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scarcely  to  prodaoe  any  sound ;  yet»  as  each  vibration  is  per- 
fomed  in  the  same  time,  the  tones  will  have  the  same  pitch,  or, 
the  strings  will  be  in.  tone. 

If  a  pendolom  of  a  certain  length  vibrate  in  a  certain  time, 
then  one  that  is  one-fourth  the  length  will  vibrate  in  half  that 
time : — the  time  of  vibration  being  as  the  square  root  of  the 
length.  But  to  produce  the  same  effect  in  the  string  or  double 
pendulum,  we  must  work  with  half  the  length, — or  as  the  pen- 
dulum decreases  in  the  ratio  of  1—4,  the  whole  string  must 
decrease  as  1 — 2,  Now  as  the  lengths  of  pendulums  are  mea- 
sured firom  the  point  of  suspension  to  the  point  of  oscillation, 
this  point  of  oscillation  in  strings  must  depend  on  the  tension  of 
the  string.  When  the  string  is  slack  the  distance  between  the 
point  of  suspension  and  oscillation,  or  between  one  of  the  pegs 
to  which  the  string  is  fastened  and  the  middle  of  the  string,  must 
be  greater  than  when  the  string  is  tight.  But  perhaps  the  true 
principle  is,  that  each  string  possesses  elasticity  only  to  a 
limited  degree ;  and  that  when  stretched  tight,  a  certain  portion 
of  its  elastic  power  is  exeited  lengthwise ;  and,  therefore,  when 
struck,  there  will  be  less  to  exert  laterally  in  the  vibration — ^it 
will  consequently  vibrate  in  less  time.  It  may  be  possible, 
therefore,  to  make  a  string  so  tight,  that  all  its  elasticity  shall 
be  exerted  longitudinally  ;  so  that  when  struck  it  will  not  vibrate 
but  break. 

"  If  the  lengths  and  weights  of  two  chords  are  the  same,  their 
times  of  vibrations  will  be  inversely  as  the  square  roots  of  the 
forces  with  which  they  are  stretched ;  and  the  number  of  vibra- 
tions which  they  perform  in  the  same  time,  directly  as  those 
square  roots.  So  also  the  tension  and  the  weight  remaining 
the  same,  the  celerity  of  the  vibration  is  inversely  as  the  square 
root  of  the  length,  or,  the  tension  and  weight  per  inch  remain- 
ing the  same,  the  celerity  of  vibration  is  inversely  as  the  length. 
If  8  strings  be  such  that  the  number  of  vibrations,  which  they 
perform  in  a  given  time  be  as  the  numbers  24,  27,  30,  32,  30, 
40,  45,  48,  the  sounds  of  the  first  seven  will  be  perceived  as  in- 
creasing in  acuteness  one  above  another  from  the  first  to  the 
last,  and  will  yield  the  notes  from  the  combination  of  which  all 
musical  e fleets  are  produced.  The  tone  is  not  affected  by  the 
extent  of  the  vibrations,  but  merely  by  their  time.  The  loud- 
ness of  their  sound  is  supposed  to  depend  on  the  greater  extent 
of  vibrations.  The  last  of  the  8  strings  will  sound  what  is  called 
the  octave  above  the  first ;  and  the  same  series  may  be  repeated 
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again  between  the  number  48,  and  its  dcFnblo  96,  and  each  note 
will  be  the  octave  to  its  corresponding  note  in  the  first  intenral ; 
the  numbers  of  yibrations  will  be  54,  60,  64,  72,  80,  90,  96,  sad 
it  is  evident  that  this  series  may  be  continued  either  down  or 
np  without  limit.  All  musical  sounds  are  computed  to  be  con- 
tained within  10  octaves ;  so  that  the  number  of  vibrations  in  t 
given  time,  that  yield  the  gravest  note,  is  to  that  which  yields 
the  most  acute,  as  1  to  2"  or  1  to  1024/'  See  Playfair's 
Outlines  of  Natural  Philosophy. 

Large  instruments,  and  long,  thick,  and  slack  strings,  there- 
fore, vibrate  slowly,  or  only  once;  while  instruments  of  diminu- 
tive size,  and  very  short,  small,  and  tight  strings  vibrate  above 
a  thousand  times;— the  former  producing  grave  and  deep  tones, 
and  the  latter  sharp  and  acute;— hence  that  screw-twisting  and 
ear-torturing  process  that  attends  the  tuning  of  stringed  instru- 
ments;—and  all  the  variety  of  contrivances  seen  in  musical 
instruments,  which  are,  first,  for  producing  the  above  octaves; 
and,  secondly,  for  playing  the  tones  longer  or  shorter,  when 
they  are  called  notes,  so  as  to  produce  such  harmonious  com- 
binations of  regularly  recurring  sounds  as  we  call  a  twie,  an  air, 
or  a  mtlody. 

The  above  divisions  in  the  length  of  the  original  long  string 
are  far  from  being  arbitrary— -they  are  even  pointed  out  by 
Nature  herself;  for,  should  a  rope  of  30  or  40feet  in  lengdi 
be  stretched  very  tight  and  struck,  it  wiU  not  vibrate  uniformly 
between  end  and  end ;  but  will  divide  itself  into  portions : — some 
vibrating  and  some  at  rest, — the  latter  acting  as  bridges  or  stops 
to  the  former*  Suppose  the  length  of  the  rope  to  be  60;  then 
the  lengths  of  the  vibrating  parU  must  be  30, 20  and  12.  For 
the  sounds  emitted  are  the  octave,  the  twelfth  or  octave  of 
the  fifth,  and  the  seventeenth  major  or  double  octave  of  the 
third  major  of  the  principal  sound  produced  by  the  whole  rope. 
It  is  supposed  to  be  the  tendency  of  strings  to  move  in  this 
manner  that  produces  the  wUd  and  melodious  harmony  of  the 
Eolian  harp ;  for,  we  not  only  hear  the  natural  sound  of  each 
string,  but  its  octave,  twelfth,  and  seventeenth.  **  Harmony, 
(says  a  writer  in  the  Edinburgh  Review,)  is  not  an  adventi- 
tious quality  in  sonorous  bodies,  but  is  in  some  sense  in- 
hereilt  in  every  sound,  however  produced.  Every  sound  is 
as  much  made  up  of  three  component  parts  as  a  ray  of  light  is 
composed  of  seven  (three)  priiaary  colours.  In  many  sonorous 
bodies,  these  sounds  may  be  made  distiiielly  audible^ — as  in  the 
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toll  of  a  great  bell, — where  amid  the  yibrations  of  the  prioMury 
or  fandamental  note,  its  12  and  17  are  distinctly  heard — that  is, 
the  note  with  its  3rd  and  6th  composing  the  full  harmony  are 
generated  by  the  vibrations  of  what  appears  to  inattentive  ears 
to  be  only  a  simple  sound/'  Something  of  the  same  kind  may 
be  observed  in  the  report  of  cannon  when  heard  from  a  distance. 
When  near  all  secondary  vibrations  are  confounded  in  one 
crack ;  but  when  heard  from  the  distance  of  10  or  20  mileSi 
"  it  is  a  grave  sound,  which  may  be  compared  to  a  determinate 
musical  sound,  and  instead  of  being  instantaneous,  it  begins 
sofUy,  sweUs  to  its  greatest  loudness,  and  then  dies  away  growl- 
ing. Nearly  the  same  may  be  observed  with  respect  to  a  clap 
of  thunder." 

Another  remarkable  circumstance  in  the  nature  of  soundf  is, 
that  when  an  elastic  propulsion  of  the  air  producing  a  certaiil 
tone  strikes  any  sonorous  body  or  musical  instrument,  which  if 
struck  in  any  other  manner  would  produce  that  tone,  it  ^oniuur 
nicates  the  sound  to  that  body  or  instrument,  while  it  breaks 
against  or  passes  over  all  others  not  in  unison  without  produ** 
eing  any  effect  The  strings  of  the  Eolian  harp  are  of  the  same 
kngth,  and  are  tuned  in  unison, — if  one  string  is,  thereforci 
struek,  the  whole  will  vibrato  or  produce  sound ;  but  if  only 
two  are  in  unison,  and  one  of  them  be  struck,  the  other  only 
will  vibrato.  This  may  be  proved  by  hanging  pieces  of  paper 
on  all  the  strings  s  when,  if  one  be  struck,  the  paper  will  imme- 
diatoly  fly  off  the  other  in  unison  with  it,  but  will  remain  andis- 
torbed  upon  the  rest  Though  the  strings  all  produce  the  same 
combinations  of  natural  concords ;  yet,  as  the  wind  that  plays 
upon  them  is  perpetaally  varying  its  intensity,  its  sportive 
sweeps  **  produce  a  variety  and  sweetness  of  harmony,  which, 
heard  in  ^  stillness  of  evening  may  almost  be  mistoken  for  an 
unearthly  music." 

To  this  sympathy  in  the  elastic  properties  of  mattor  it  is  owing 
that  one  thing,  and  perhaps  only  that  one  in  a  room  will  begin 
to  dance,  vibrato,  or  emit  sound  to  one  particular  noto  of  an 
organ  or  any  other  instrument,  while  all  the  other  notes  have 
no  effect  upon  it  These  corresponding  notes  are  called  the 
key  notes;  and  such  foundation  has  this  in  nature,  that  it  is  not 
eonfined  to  inanimato  objects.  A  dog  will  begin  to  howl  at  one 
particular  note,  though  indiflEerent  to  all  the  rest  of  the  gamut; 
aad  even  man  himself  has  the  key  noto  to  each  of  his  passions ; 
and  hence  it  is,  that  his  soul  is  so  moved  with  music,  and  that 
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he  18  oft6ii  compeUedy  eyen  in  defiance  of  himself,  to  laugh*  with 
those  that  laugh  and  weep  with  those  that  weep. 

7.  THB  HUMAN  BAR. 

The  human  ear  consists  of  a  great  many  parts,  each  of  which 
has  its  appropriate  use.  The  external  or  visible  part  is  called 
the  concha ;  and  its  office  is  to  collect  the  impulses  of  the  air,  to 
condense  and  direct  them  into  the  external  orifice,  called  the 
audiiary  canal.  Without  this  external  part  the  sensation  of 
sound  would  be  indistinct,  and  little  better  than  a  continual 
murmur.  The  concha  and  auditory  canal  form  what  is  called 
the  external  ear. 

At  the  bottom  of  the  auditory  x^nal  is  a  membrane  stretched 
tight  across  the  orifice,  and  which  separates  the  internal  from 
the  external  ear.  This  is  called  the  memhraimm  tympanic  top  or 
pelt  of  the  drum  of  the  ear.  Beyond  it  is  a  large  cavity  called 
the  tympanum  or  drum.  The  office  of  the  membrane,  is,  when 
struck  by  the  impulses  of  the  air,  to  vibrate  like  the  top  of  a 
drum.  It  is  furnished  with  a  radiated  muscle  at  its  oentre,  by 
the  aid  of  which  it  is  supposed  to  be  tightened,  if  the  sound  be 
a  whisper ;  or  relaxed,  if  a  crack.  In  the  human  ear,  the  mem- 
brane is  circular  and  of  about  half  an  inch  diameter,  the  radii 
are  therefore  of  equal  length ;  but  in  most  other  animals,  espe- 
cially the  ox  and  the  elephant,  its  form  is  elliptical,  and  the 
centre  of  the  muscle  is  in  one  of  the  foci.  The  longer  radii  are 
supposed  to  enable  such  animals  to  hear  low  sounds  much  bet- 
ter than  man : — but  it  is  also  supposed  that,  from  the  peculiar 
shape  of  the  human  membrane,  man  is  enabled  to  receive  plea^ 
sure  from  music ;  the  loud  or  quick  notes  having  no  parttcular 
eflcct  on  the  lion  or  the  elephant,  while  the  low  and  flat  notes 
rouse  all  their  ferine  propensities. 

The  drum  or  tympanum  is  not  a  vacuum ;  but  contains  Che 
auditory  apparatus,  consisting  of  four  small  bones ;  and  the  re- 
maining interstices  and  sinuses  are  filled  with  air.  Had  this 
air  been  confined,  it  would  have  expanded  and  condensed  ac- 
cording to  the  temperature,  at  the  hazard  of  bursting  the  mem- 
brane ;  and  if  it  bad  been  open  to  the  external  air,  the  cold  air 
would  have  been  continually  rushing  in.  To  prevent  these  in- 
conveniences a  very  small  tube  opens  from  this  cavity  into  the 
back  ;^tirt  of  the  mouth,  called  the  eustachian  tube.  Hence»  we 
hear  better  widi  our  mouths  open ;  or,  if  we  put  a  watch  into 
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the  month  and  stop  the  ears,  we  can  perceive  it  to  beat  more 
distinctlj  than  in  any  other  way. 

Besides  the  eustachian  tabe,  the  cavity  of  the  tjrmpanom  has 
sinuses  called  the  nuutmd  cells ;  and  two  passages  leading  up 
to  the  brain — one  called  the  fenestra  ovaHs,  and  the  other 
the ^/enetlra  rahmda.  These  two  communicate  with  one  general 
but  irregular  cavity  called  the  labyrinth.  But  that  from  the 
fenestra  ovalis»  takes  the  principal  part,  and  separates  into  three 
divisions,  viz.  the  vettibule,  the  three  iemilunar  canalu,  and  the 
iioc^.  This  last  is  the  most  remarkable,  since  it  takes  a  spiral 
course  upwards  towards  the  brain,  not  unlike  the  shell  of  a 
snail ;  and  is  moreover  divided  by  a  thin  lamina  of  chords. 
The  chords  are  the  auditory  nerves  that  communicate  with  the 
brain.  They  are  disposed  across  the  cavity  of  the  coclea ;  and 
as  it  tapers  up  to  the  top,  of  course,  the  lower  strings,  are  longer 
than  the  upper :  —the  whole  bearing  a  similarity  to  the  chords 
cf  the  diatonic  scale.  Hence,  they  have  often  been  compared 
to  the  strings  of  a  harp. 

The  four  small  bones  inside  the  tympanum  constitute  a  very 
curious  piece  of  mechanism.  They  are  called  the  malleus  or 
hammer,  the  incus  or  anvil,  the  roundish  or  aval  bane,  and  the 
stapes  or  stirrup.  The  body  of  the  hammer  is  placed  in  the 
upper  part  of  the  tympanum,  and  a  long  process,  called  the 
handle,  proceeds  to  the  membrane,  to  which  it  is  fixed.  The 
incus,  to  the  body  of  which  the  hammer  is  articulated,  consists 
of  two  legs ;  and  is  not  unlike  a  tooth  with  a  double  fang.  It 
is  the  largest  and  strongest  of  the  four.  Its  shorter  leg  is  fixed 
near  the  entrance  of  the  mastoid  process ;  and  the  longer  takes 
the  direction  of  the  handle  of  the  malleus,  to  which  it  is  joined 
by  a  ligament ;  and,  being  bent  inward,  it  receives  the  small 
oval  bone,  that  combines  it  with  the  stapes.  1  his  last  bone  has 
two  legs,  bent  almost  into  a  circle ;  and  where  they  unite  at  the 
basis  they  cover  the  fenestra  ovalis. 

The  whole  is  put  in  motion  by  the  impulses  of  the  external 
air  striking  the  membranum  tympani,  which  works  the  handle 
of  the  hammer  as  a  lever — the  short  arm  of  the  lever  moving 
the  long  leg  of  the  anvil  attached  to  it  by  the  ligament.  The 
anvil  moyes  the  stapes — the  oval  bone  merely  performing  the 
office  of  a  joint ;  and  the  stapes  moves  the  air  contained  in  the 
spiral,  or  upper  part  of  the  labyrinth  called  the  coclea,  on  one 
side  of  the  chords ;  while  the  air  on  the  other  side  is  moved  by 
its  communication  through  the  fenestra  rotunda  with  that  of  th^ 
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tympanuiii.  Thus  the  chords  are  stmck  on  both  tidet  at  once; 
and  each  one  perhaps  serves  as  a  key  note  to  the  vibration  of 
tiie  external  air,  and  conveys  its  own  certain  and  peculiar  im- 
pression to  the  brain :  the  longest  chords  transmitting  the  grave 
tones»  and  the  shortest  the  most  acute.  What  a  piece  of  m^ 
chaaism  is  man! 

8.   CLOUDS. 

Clouds  are  collections  of  vapours^  that  ascend  from  the  earth, 
and  are  aggregated  by  the  electrie  fluids.  There  are  three  dia- 
finct  and  primary  modifications  of  clouds  as  they  oust  in  settled 
weather;  each  of  which  has  received  an  appropriate  appellation 
as  follows; — ^The  cirrus,  or  pencilled  cloud;  the  cmmmhu,  or  paek 
cloud;  and  the  stratm,  unformed  or  mist  cloud.  In  a  leas 
settled  state  of  the  atmosphere,  as  may  be  seen  a  little  before 
the  commencement  of  and  sometimes  during  rain,  these  com^ 
bine  to  form  four  other  secondary  modifications,  vis.  the  ctnv- 
cumuhu;  the  cirro-strahu;  the  cumnkh^tratw;  and  the  mnUmSf 
cirro-cumulo-stratus — or  rain  cloud. 

The  cirrus  is  the  most  elevated  of  all  the  clouds,  and  has  the 
least  density,  and  the  greatest  variety  of  extent  and  direction. 
It  consists  of  all  those  beautifully  pencilled  streaks,  or  wreaths, 
dappled  lobes,  or  tufts,  which  frequently  amuse  us  with  thehr 
fantastic  shapes  in  mild  weather,  or  after  the  sky  has  bees  a 
long  time  clear.  At  what  height  the  most  elevated  are,  is  not 
known.  Aeronauts  at  great  altitudes,  even  when  the  cumulus 
appeared  beneath  their  feet  like  small  silvery  specks  upon  the 
earth's  surface,  have  seen  the  cirrus  apparently  as  high  above 
their  heads,  as  when  it  was  viewed  from  the  earth.  As  its  ele^ 
▼ation  is  so  great,  there  is  Utile  doubt  that  the  aqueous  particles, 
of  which  it  is  composed,  are  congealed  and  as  dry  as  dust  The 
shape  tends  also  to  corroborate  this  opinion — it  being  an  exact 
resemblance  of  the  curious  arrangements,  which  very  small  and 
dry  dust,  as  chalk  or  vermiUion,  assumes,  when  sprinkled  upon 
a  slightly  electrified  cake  of  wax  or  resin.  But  a^  tile  oirri 
always  change  their  form  when  they  descend ;  we  may  suppose 
that  Aey ,  in  coming  below  the  point  of  congelation,  are  tiiawod; 
and,  in  this  case,  pass  into  the  cirro-stratus  modification. 

The  duration  of  the  cirri  clouds  is  very  rariable.  It  i»  tbe 
longest  when  they  appear  alone,  and  at  great  elevations,  and  tbe 
shortest,  when  they  are  found  in  the  lower  regions,  and  in  the 
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Ticinity  of  other  clouds.  They  sometimes  only  continae  a  few 
mmutes;  and  at  other  times  remain  for  some  hours.  They 
generally  form  to  the  leeward,  and  increase  in  the  windward 
direction ;  but  principally  so  in  fair  weather,  with  slight  varia- 
ble breezes,  at  which  time  the  sky  is  seldom  clear  of  them.  In 
continued  wet  weather,  horizontal  sheets  of  this  cloud  are 
rapidly  formed,  which  as  quickly  change  to  the  cirro-stratus. 

The  cumukis  is  the  dense  black  cloud,  which  rides  upon  the 
stream  of  air,  that  sweeps  the  face  of  the  earth.  .It  generally 
takes  its  rise  from  a  speck  not  larger  than  a  man*s  hand,  around 
which  its  packs  accumulate.  The  lower  surface  appears  plain 
as  if  sitting  on  the  wind;  while  the  higher,  lifts  its  head  in  coni* 
cal  and  hemispherical  heaps.  By  this  cloud  are  the  water  spouts 
emptied,  and  their  contents  carried  over  the  land;  and  from  it 
is  the  thunder-bolt  hurled,  and  the  torrent  poured  down.  But 
it  is  employed  for  more  benign  and  gentle  purposes.  It  carries 
the  produce  of  evaporation  to  distant  places  where  it  is  most 
needed ;  and  often  serves  as  a  gkreen  to  protect  the  earth  from 
the  scorching  heat  of  the  sun.  On  this  occasion,  it  generally 
makes  its  appearance  in  the  forenoon;  spreads  out  its  broad, 
sable  wings  through  the  hottest  part  of  the  afternoon;  and 
totally  disappears  about  sun  set.  But  should  it  still  increase, 
thunder  generally  follows  during  the  night.  When  the  cumulus 
changes  its  shape  rapidly;  and  the  cirri  above  accumulate,  and 
hoTer  down  to  it,  resting  on  its  top  as  on  a  mountain — rain  may 
be  eitpected.  As  also,  when  it  forms  to  leeward  in  a  strong 
wind,  both  rain  and  a  calm  generally  succeed. 

The  iiratut  is  the  lowest  of  the  clouds.  It  is  less  dense  than 
the  cumulus,  but  more  compact  than  the  cirrus.  It  frequently 
rests  on  the  ground,  and  then  goes  by  the  name  of  fog  or  mUi, 
It  is  often  seen  slowly  creeping  up  the  sides  of  mountains,  hang- 
ing so  low  that  we  can  see  their  summits  above  it.  It  is  pro- 
perly the  cloud  of  the  night ;  generally,  in  warm  weather,  rising 
after  sun-set ;  and  in  calm  evenings,  it  loves  to  move  slowly 
along  the  bottoms  of  the  valleys ;  and  afterwards  to  spread  it- 
self into  sheets  like  an  inundation  of  water.  On  such  occasions 
it  is  mostly  on  the  plains  contiguous  to  rivers  :  the  water  aft^r 
ann-set,  being  of  a  higher  temperature  than  the  superiacumbent 
air,  thus  sends  off  its  caloric  combined  with  vapour,  which  fer- 
tiliacs  the  adjacent  land. 

This  evening  stratus  differs  from  the  dew.  Dew  is  oompcMOd 
of  the  particles  of  evaporation,  caused  by  the  sun's  rays.    These 
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particles,  having  ascended  only  a  littie  wtfy  above  the  earth's 
surface  when  the  san  seU,  and  the  supply  of  caloric  that  ren- 
dered them  buoyant  being  thus  cut  oflF,  gradually  descend  to  the 
earth.     But  in  windy  weather,  litUe  or  no  dew  is  seen;  by  rea- 
son of  the  wind  carrying  off  the  vapour,  and  enabling  it  to  gain 
the  upper  regions  of  the  air,  as  fast  as  it  is  generated.    The 
time  of  dew-fall  generally  continues  an  hour  or  two  after  sun-set, 
when  the  air  again  becomes  dry ;  but  it  sometimes,  and  especidly 
in  warm  climates,  continues  to  fail  the  whole  night.    This  is  the 
case  in  some  parts  of  Arabia,  in  Egypt,  Peru  and  ChUi.  In  the 
latter  two  countries,  the  stratus,  composed  of  the  vapour  pass- 
ing from  the  Pacific  to  the  Andes,  continues  all  the  day  at  a 
considerable  elevation,  but  being  arrested  by  the  nocturnal  cold, 
it  slowly  descends  as  dew  and  supplies  the  want  of  rain.   In  the 
deserts  of  Arabia  the  dew  will  sometimes  wet  travellers  to  the 
skin. 

The  ctrro-cttmn/iw,  the  first  of  the  secondary  modification,  is 
formed  from  a  number  of  cirri,,  whose  fibres  collapse  as  the 
whole  descend  to  a  lower  station  in  the  atmosphere ;  assuming 
at  the  same  time  the  cumulo  shape,  but  in  small  packs  weU 
defined,  and  closely  arranged  in  horisontal  strata.  While  un- 
dergoing this  change,  they  frequently  present  a  most  beautiful 
sky,  exhibiting  small  silvery  beds  at  different  altitudes.  This 
cloud  is  the  most  frequent  in  summer ;  and  is  almost  a  sure 
prognostic  of  warm,  dry  weather;  especially  if  it  ascend,  assume 
the  cirro-shape,  and  then  disappear.  It  is  also  sometimes  seen 
during  the  intervals  between  showers;  and  often  spreads  itself 
into  sheets  when  it  becomes 

The  cirro-stratus.  While  it  is  undergoing  this  change,  all 
the  beds  unite,  frequently  exhibiting  the  appearance  of  shoals 
of  fish ;  and  on  such  occasions,  it  has  sometimes  been  called 
the  mackerel-back  cloud.  This  modification  of  clouds  precedes 
wind  and  rain  ;  is  always  seen  during  the  intervals  of  storms ; 
and,  when  it  accumulates  rapidly,  we  may  be  sure  the  storm  is 
at  hand.  In  this  cloud  are  exhibited  the  halo  and  mock-sun ; 
hence,  these  phenomena  are  always  considered  as  sure  prognos- 
tics of  foul  weather. 

The  cumulO'Stratus,  is,  the  cumulus  bursting  or  spreading 
about  on  its  upper  surface ;  on  which  occasions,  if  it  accumn- 
late  rapidly,  a  cirro-stratus  is  frequently  seen  resting  on  its 
summit ;  but  they  soon  spread  and  mix  together.  When  this 
cloud  is  very  high  and  dense,  the  appearance  of  bursting  is 


Digitized  by  VjOOQIC 


AND  ITS  USES.  176 

reTeraed;  and  then,  it  may  not  unfitly  be  compared  to  a  mush- 
room, with  a  broad  head  and  short  thick  stem.  It  generally 
precedes  thunder  storms,  or  showers  of  snow  or  hail.  Some- 
times the  comulas  may  be  seen  to  protrude  upwards  through  the 
interstices  of  the  higher  clouds;  and  while  in  this  condition, 
should  the  whole  pass  off  with  the  wind,  so  as  we  can  see  their 
tops  along  the  verge  of  the  horizon,  they  present  to  the  imagina- 
tion mountains  covered  with  snow,  interspersed  with  dark 
ridges,  and  rocks  and  towers  jutting  out  of,  or  projecting  over 
seas  and  lakes. 

The  nimbui  or  rain  cloud.  Before  rain  reaches  the  earth,  a 
manifest  change  takes  place  in  the  modification  of  the  whole 
system  of  clouds.  They  burst,  or  change  from  their  cumulo  or 
cirro  forms  to  the  sheet  clouds ;  and  a  moisture  of  the  air,  or 
the  stratus  touching  the  earth,  for  a  short  time,  precedes  the 
drops.  "When  the  rain  cloud  is  formed  over  our  heads,  we  can- 
not see  this  change  going  on ;  only  a  tnrbidness  or  dense  sheet 
is  visible ;  but,  when  we  have  a  profile  view,  we  can  see  the 
whole  process.  In  thunder  storms,  two  dense  clouds  may 
frequently  be  seen  rushing  together;  when  their  contact,  or 
dissolution  is  announced  by  the  flash.  As  the  vapours  are  col- 
lected into  clouds  by  the  electric  fluids,  so  they  always  descend 
in  rain  as  soon  as  these  fluids  are  discharged.  See  Chap.  XVI. 
8.  B.;  alBO  "  Rosearches  about  Atmospheric  Phenomena,"  by 
T.  Foster,  L.  S.  F. 

9.  THE  QUANTITY  AND  DISTRIBUTION  OF  RAIN. 

The  quantity  of  rain  which,  falls  annually,  is  found  by  care- 
ful observation  to  correspond,  pretty  nearly,  with  the  quantity 
of  water  evaporated.  It  is  greatest  at  the  equator,  and  de- 
creases as  we  approach  the  poles;  and  that,  nearly  in  the  same 
proportion  as  evaporation.  The  depth  of  rain  falling  annually 
at  different  places,  is  as  follows:  Granada,  West  Indies,  126 in. 
Cape  Francois  120.  CalcutU  81.  Rome  39.  England  35.  St. 
Petersburgh  16.  The  mean  annual  quantity,  falling  at  147  places 
situated  between  the  two  parallels  11  and  60deg.  N.  Lat.  is  34,7 
inches.  Hence  34 in.  are  assumed  as  the  mean  depth,  that  falls 
all  over  the  superficies  of  the  globe.  This  is  one  inch  less  than 
thewater  evaporated;  which  may  be  considered  as  falling  in  dew, 
and  as  making  up  the  enormous  quantity,  frequentiy  precipitated 
on  the  tops  and  sides  of  inaccessible  mountains. 
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The  superficies  of  the  globe  is  estimated  at  i70,9ai»018  square 
miles ;  of  which  52,745,253  are  dry  land,  the  rest  are  ice  and 
▼ater.  The  quantity  of  rain  falling  is  91,751  cubic  miles  of 
water ;  so  that  40,960  cubic  miles  will  fall  upon  the  land ;  of 
which  13,140  are  supposed  to  be  carried  back  by  the  rivers  to 
the  sea.  From  this  it  is  evident,  that  more  water,  by  at  least 
this  last  mentioned  quantity,  must  be  evaporated  from  the  sea, 
than  falls  upon  it  in  rain ;  and  must  be  dispersed  by  the  clouds 
over  the  land  ;  otherwise,  the  land,  affording  such  a  quantity  to 
the  sea,  would  soon  have  its  moisture  exhausted. 

In  cold  climates  the  atmosphere  can  hardly  hold  the  vapour 
in  suspension ;  so  that  hazy  weather  is  very  prevalent*  heavy 
rain  very  uncommon,  but  rainy  days  very  numerous.  In  the 
torrid  zone  the  rainy  days  are  comparatively  few,  though  the 
rain  falling  is  so  enormously  great.  They  are  the  fewest  at  the 
equator ;  between  the  parallels  of  12  and  43  degrees,  the  mean 
annual  number  is  78.  Between  43  and  46  degrees,  103.  From 
46  to  50  degrees,  134.  And  between  the  latitudes  of  50  and  60 
degrees,  161.  The  number  of  rainy  days  in  winter  is  mostly 
greater  than  in  summer ;  though  the  quantity  of  rain  falling  is 
always  less. 

More  rain  falls  in  mountainous  regions  than  on  plains.  On 
some  of  the  highest  mountains  in  Britain  a  day  seldom  passes 
without  rain.  Among  the  Andes  it  is  said  to  rain  almost  per- 
petually; while  at  a  short  distance,  viz.  on  the  plains  of  Peru  and 
Chili,  it  seldom  rains;  also  in  Egypt,  rain  is  very  uncommon. 

The  quantity  of  rain  falling  on  the  western  coast  of  England, 
is,  half  as  much  more  than  Uiat  which  falls  on  the  inland  coun- 
ties. The  wind  not  being  able  to  bear  its  load  of  vapours,  eol- 
lected  from  the  Atlantic,  over  the  hills,  deposits  it  there  in  rain 
(see  Chap.  16.  s.  8).  In  warm  climates,  the  countries  situated 
at  the  foot  of  mountains  often  suffer  dreadfully  by  floods  thus 
occasioned.  The  regions  near  the  Andes  ;  the  estates  in  some 
parts  of  the  colonies  in  New  South  Wales  adjoining  to  the 
Blue  Mountains ;  and  the  valleys  of  all  mountainous  regions, — 
have  often  been  devastated  by  this  means.  Even  in'  England 
similar  instances  are  not  wanting.  In  the  year  1771 ,  a  strong 
S.  E.  wind  blew  over  the  northern  counties,  attended  with  small 
but  rather  heavy  rain,  and  a  very  dense  atmosphere;  being 
impeded  or  attracted  by  the  Cross-Fells,  in  Cumberland, — there 
precipitated  its  load;  which  caused  so  great  a  swell  in  the  rivers^ 
that  have  their  rise  among  these  mountains,  as  to  carry  away 
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]Mar()i  aU  the  bridges.  ThU  oeenrveMa.  U  knows  in  the  iiertik 
hjr  die  BMM  of  ^  The  Greet  Flood.'^ 

The  quantity  of  rtm  falling  in  isknde,  i4  proportionalely 
much  greater  than  that  falling  on  continents.  It  is  the  greatest 
in  the  West  India  isles ;  but  even  in  Ireland  it  is  found  to  be 
one  half  greater,  than  that  which  falls  in  the  inland  counties  of 
Englend. 

In  the  torrid  zone,  the  wet  and  dry  seasons  divide  the  year, — 
there  being  no  such  distinction  as  our  summer  and  winter.  As 
the  rays  of  the  sun  are  the  cause  of  evaporation ;  so  the  sun 
always  draws  a  vast  quantity  of  vapour  after  him,  which  is  pre- 
cipitated in  rain.  The  wet  season  generally  commences  with 
the  sun's  approach  to  the  aienith.  The  Abyssinian  rains,  which 
are  the  causes  of  the  inundation  of  the  Nile,  last  from  April  to 
September;  but  for  the  first  three  months  the  rain  is  only  in 
the  night.  The  inundation  in  Egypt,  begins  at  present  about 
the  17th  of  June;  it  increases  for  forty  days,  and  subsides  in 
the  same  time ;  but  the  ancient  accounts,  as  well  as  some  modern 
ones,  assign  a  longer  duration  to  it.  The  river  Amazon  rises 
and  falls  at  the  same  times  as  the  Xile.  The  Ganges,  the  Indus, 
the  Euphrates,  the  rivers  of  Ava  or  Pegu,  and  many  other  rivers 
have  akio  considerable  inundations  at  regular  periods. 

The  expansion  of  the  atmosphere  by  evaporation,  and  its  sub- 
sequent contraction,  when  the  rapour  is  discharged  in  rain,  we 
assigned.  Chap.  VI,  s.  12,  as  the  second  cause  of  wind.  What- 
ever quantity  of  vapour  atmospheric  air  contains,  its  bulk  is 
always  increased  in  proportion  to  the  volume  of  that  vapour. 
In  moist  places,  therefore,  where  evaporation  is  very  extensive, 
the  swell  of  the  atmosphere  must  be  considerable ;  which  must 
cause  a  lateral  motion  in  the  air.  Also,  when  clouds  are  col- 
lected, especially  when  they  are  so  condensed  as  to  descendHo 
a  lower  region,  there  must  be  an  outward  pressure  and  motion 
of  the  air  immediately  beneath  them.  Nevertheless  some  of 
these  currents  must  be  so  slight  as  hardly  to  merit  the  name  of 
winds.  The  weight  of  the  atmosphere,  immediately  preceding 
a  very  large  fall  of  rain,  is  equal  to  30  feet  of  water; — a  fall  of 
si^  inches  depth  of  rain  will,  therefore,  be  in  vapour  equal  to 
a  sixtieth  part  of  its  weight ;  and  a  little  more  than  a  sixtieth 
part  of  its  bulk,  (for  vapour  has  less  specific  gravity  than  air); 
consequently,  when  the  atmosphere  returns  to  its  equilibrium, 
there  will  be  this  vacancy  of  one-sixtieth  part  to  fill  up,  which 

Z 


Digitized  by  LjOOQIC 


178  THE  ATMOSPHERE 

most  oocasion  a  considerable  current  in  the  sarronnding  air, 
and,  of  course,  a  proportionate  wind.  For  the  ascent  of  the 
Barometer  after  great  fails  of  rain,  see  Chap.  XV I.  s.  11. 
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CHAP.  VIII. 
Optics^  or  the  Mechanical  Laws  of  Light. 


1.  Tbb  Vblocitt,  Extsnt,  and  DiRBCTioM  OF  Light.  2.  Refracted  Light. 
3.  The  Prismatic  Colours.  4.  The  Rainbow.  5.  Reflected  Light. 
6.  The  Halo»  Corona,  and  Mock  Sun.  7.  The  Lens  and  Burning  Glass. 
8.  The  Eye.    9.  Optical  Instruments. 


1.  THE  VELOCITY,  EXTENT,  AND  DIRECTION  OF  LIGHT. 

The  real  natare  of  light  is  one  of  those  subjects  which  philo- 
sophy has  yet  to  explain ;  although  it  is  one,  on  which  the  most 
able  and  acute  of  her  cultivators  has  bestowed  a  great  deal  of 
attention.  Sir  Isaac  Newton  demonstrated  all  its  mechanical 
laws ;  but  as  chemistry  was  in  his  day  only  in  its  infancy,  and 
as  the  origin  of  light  is  undoubtedly  among  the  electro-chemical 
principles,  We  need  not  wonder  if  that  great  man  left  this  sub« 
ject  nearly  as  he  found  it.  The  sun  is  no  doubt  the  great  foun- 
tain of  light ;  but  to  the  atmosphere  we  are  indebted  for  the  full 
blaze  of  day ;  for,  was  it  not  for  the  agency  of  the  atmosphere, 
we  should  see  the  sun  but  as  a  bright  spot,  and  when  we  turned 
our  backs  towards  him,  should  be  in  total  darkness :  just  as 
when  we  look  at  the  sun  and  the  contrary  way  through  a  piece 
of  smoked  or  stained  glass. 

However,  it  is  the  mechanical  properties  of  light  which  we 
have  now  to  examine ;  and  these  are  as  plain  and  demonstrable 
as  any  other  mathematical  subject.  The  most  obvious  of  them, 
are, — ^tfaat  light  is  transmitted  in  straight  lines  from  the  sun; 
and  that  it  travels  nearly  at  the  rate  of  200,000  miles  in  a 
second  of  time.    Some  idea  of  the  amazing  swiftness  of  its  pro- 
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gress  may  be  conceived  from  the  consideration,  that  it  peifonns 
the  joarney  from  the  sun  to  the  earth  in  little  more  than  ei^t 
minutes ;  but  that  a  cannon  ball,  projected  from  the  sun,  and 
trarelling  at  the  usual  velocity  given  by  gunpowder,  would  not 
reach  the  earth  in  30  years. 

If  light,  then,  consist  of  particles,  how  in6nitely  small  must 
they  be ;  coming  with  such  velocity  and  entering  the  eye,  the 
most  delicate  and  sensible  organ  of  the  body,  without  causing 
any  great  degree  of  uneasiness !  ''  If  a  particle,"  says  Thompson 
in  his  j^letnents  of  Ohetnistry,  ''  weighed  a  thoutfandtti  part  of 
a  grain,  its  force  would  be  equal  to  that  of  a  musket  ball ;  were 
it  the  millionth  part  of  a  grain,  it  would  destroy  every  thing 
against  which  it  struck.  If  it  weighed  a  millionth  part  of  that, 
it  would  still  have  ai  very  sensible  force ;  but  how  maoh  loss 
must  it  be  when  it  makes  no  impression  upon  an  organ  so  Terj 
delicate  as  the  eye?  We  are  certain,  then,  thai  no  partiola  of 
light  can  weigh  a  millionth  millionth  part  of  a  grain." 

When  light  proceeds  in  every  direction  from  a  luminous 
body,  as  from  a  candle,  its  intensity  is  diminished  as  the  square 
of  its  distance  :  thus,  if  the  intensity  at  a  certain  distance  be  1 , 
then  at  twioe  that  dtstaDce  it  is  only  {;  at  tbrtoe  ^,  and  so  on. 
upon  this  principle  the  light  and  heat  of  the  planets  were  calcu- 
lated in  Chap.  IV. 

The  rays  of  light  while  passing  through  the  same  madiuia  mg% 
rectilineal ;  but  on  entering  a  different  tnedinto^  Ihey  are  diverted 
from  the  straight  line,  and  are  said  io  be  refraded,  Wheti  they 
strike  a  body,  which  neither  permits  them  to  pass  through  tt» 
nor  yet  to  enter,  so  as  to  be  absorbed,  they  rebound  from  it,  and 
are  then  said  to  be  r^lected. 

Rays  of  light  are  said  to  be  parallel,  canverffinff,  or  di»erging% 
As  all  move  in  straight  lines,  those  are  parallel  which  do  not  in 
any  part  approach  nearer  to>  or  recede  farther  from  each  otlrar. 
Cmverginy  rays  are  such  as  meet  in  a  point,  which  is  called  tba 
focus,  and  they  are  said  to  diverge,  when  they  separate  from  a 
point  or  focus. 

The  rays  of  light  always  diverge  from  the  focm  at  whiiA  Ihey 
are  generated ;  consequently,  the  rays  of  Ike  sun,  being  uAder 
this  law,  diverge  accordingly ;  bu4,  because  the  mn  Is  a  «ulli»a 
times  larger  than  the  eat^,  and  at  the  dttiaiice  of  9b  miUioM 
of  miles,  the  diyergencj  of  those  oomparativefy  few  raya  tint 
strike  the  earth,  is  so  very  small,  that  they  are  always  colifl»*> 
dered  as  parallel. 
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As  pieees  of  glass  ean  be  fashioned  with  every  variety  of  snr- 
hce,  by  their  asmstance,  and  that  of  bright  and  polished  snrfaoei, 
opticians  can  refract,  unravel,  reflect,  condense  and  disperse  the 
t%ys  of  light  almost  in  any  manner  they  please. 

2.    REFRACTED  LIGHT. 

The  rays  of  light,  while  passing  through  the  same  medium, 
Kre  rectilineal ;  but  on  entering  a  denser  medium,  they  are, 
unless  they  strike  it  perpendicularly,  diverted  from  the  straight 
Kne ;  and  are  inclined  *to  the  perpendicular  of  that  surface  which 
they  enter.  But  in  passing  from  a  denser  to  a  rarer  medium, 
they  are  declined  from  the  perpendicular.  Should  they  enter 
it  perpendicularly,  they  pass  on  without  being  diverted  f^m  the 
straight  line ;  so  that,  the  more  obliquely  the  rays  of  light  strike 
a  surface,  the  greater  the  refraction. 

Let  B  €  Fig.  80.  represent  a  ray  of  light  fidling  upon  a  denser 
medium  L  G ;  then,  instead  of  passing  forward  to  H,  it  is  bent 
in  the  direction  of  I  nearer  to  the  perpendicular  F  C  K :  and  on 
passing  out  of  the  denser  medium  is  again  diverted  from  the 
perpendicular.  But  if  F  C  be  an  incidental  ray  it  will  pass 
straight  forward  to  K. 

When  the  rays  of  light  coming  from  the  sun  strike  the  at- 
mosphere  as  at  a  Fig.  81.  they  are  bent  downwards ;  and  the 
moat  so  when  the  sun  is  the  lowest.  This  refraction  is  such 
that  we  can  see  the  sun  when  all  the  disc  is  below  the  horiaon 
or  8  miantes  before  he  rises,  and  the  same  length  of  time  after 
he  sets.  What  is  meant  by  rising  and  netting,  is,  when  a  line 
from  the  solar  centre  to  the  spectator  b  would  be  at  the  horizon. 
if,  then,  while  the  sun  is  at  the  horizon,  that  is  rising  or  setting, 
hia  rays  on  striking  the  atmosphere  be  bent  downwards,  those 
rays  which  reach  the  eye,  will  strike  the  surface  of  the  atmos^ 
phere  at  considerably  above  the  place  where  the  direct  line  from 
the  sun's  centre  cuts  it;  and  as  we  are  accustomed  to  view  every 
object  tM  the  direction  in  which  the  rayi  htt  Urike  the  eye,  the  sun 
will  appear  at  that  place  where  the  rays  strike  the  atmosphere, 
or  «t  c,  considerably  above  the  place  where  the  central  line  cuts 
tk»  herisoni  and,  therefore,  he  wffl  appear  thus  far  above  the 
horiaon^  while  he  is  in  fact  but  just  upon  it  The  horizontal  re^ 
finietion  is  34  minutes. 

As  the  rays  enter  a  denser  medium  when  they  strike  the  at« 
mosphere ;  and  their  tendency  is  then  to  move  in  a  direction 
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nearer  to  a  perpendicolar  to  that  surface  at  which  they  enter, 
(the  perpendicular  in  this  case  being  the  zenith  and  nadir  line 
of  the  spectator;)  consequently,  as  the  sun  rises  above  the  hori- 
zon, the  impinging  rays  will  make  a  less  angle  with  this  vertical 
line ;  and  therefore  the  higher  the  sun  is,  or  the  nearer  to  the 
vertex,  the  less  is  the  refraction ;  so  that,  were  he  in  the  zenith 
there  would  be  no  refraction  at  all. 

On  account  of  this  refraction  we  never  see  the  heavenly  bo- 
dies exactly  at  the  place  at  which  they  are,  unless  when  any 
one  is  in  the  zenith;  and  consequently  in  making  astronomical 
observations,  allowance  is  always  made  in  the  calculation  for 
refraction  according  to  the  distance,  that  such  bodies  are  from 
the  vertical  point. 

To  this  refrangibility  of  light,  twilight  is  principally  owing; 
for  when  the  sun  is  far  below  the  horizon,  even  18deg.,  the  few 
rays,  that  strike  the  upper  parts  of  the  atmosphere,  are  much 
more  bent  downwards,  on  account  of  their  striking  it  still  more 
obliquely  than  when  the  sun  is  at  the  horizon;  and  thus  a  faint 
glimmering  begins  and  ends  the  day.  Were  the  light  not  thus 
refracted,  we  should  have  almost  total  darkness  till  the  direct 
rays  of  the  sun  fell  upon  us,  to  the  great  injury  of  our  eyesight. 
How  wonderful  are  the  contrivances  of  the  Creator  for  the  com- 
fort of  his  creatures! 

If  the  rays  of  light  are  refracted  on  entering  the  atmosphere, 
they  are  still  more  so  in  passing  out  of  the  atmosphere  into  a 
denser  medium,  as  into  water ;  considerably  more  so  when  they 
enter  glass ;  and  on  entering  diamond  still  more.  This  refrac- 
tion may  be  easily  exemplified  by  holding  one  end  of  a  stick  in 
different  positions  in  water ;  or,  if  a  basin  with  a  shilling  in  it 
be  placed  upon  a  table  ;  and  a  person  stand  at  such  a  distance, 
and  in  such  a  position  that  he  can  see  within  an  inch  of  the 
shilling  at  the  bottom  of  the  basin ;  and  while  he  is  in  this  posi- 
tion, should  water  be  poured  into  the  basin  till  it  is  four  inches 
deep;  the  shilling  will  be  visible,  or  appear  by  the  rays  of 
light  being  refracted,  to  be  only  three  inches  below  the  surfiAce 
of  the  water. 

On  this  principle  the  depth  of  clear  water  has  often  deceived 
and  proved  fatal  to  school  boys  in  the  act  of  bathing;  but  they, 
who  are  accustomed  to  shoot  fish  in  water,  are  well  acquainted 
with  the  deception ;  and  always  take  aim  at  about  one-fourth 
lower  than  the  apparent  distance  of  the  fish  from  the  surface. 
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3.   THE  PRISMATIC  COLOURS. 

A  PRISM  is  a  triangular  bar  of  solid  glass  of  the  most  pure 
and  clear  texture.  Its  sides  or  facets  are  about  an  inch  broad 
.and  Tery  accuratefy  ground.  While  the  rays  of  light  enter  at 
one  of  the  sides,  and  pass  out  at  either  of  the  other,  they  are 
twice  refracted :  being  refracted  at  each  surface.  But  some  of 
them  are  more  refracted  than  others;  and  they  then  present 
different  colours;  hence  called  the  prismatic  colours,  A  prism 
simply  held  before  the  eyes,  presents  a  sight  of  indescribable 
beauty;  such  as  a  person,  who  has  not  seen  it,  can  form  no 
idea  of. 

The  rays  of  light  are  of  three  kinds :  one  kind  producing 
heat,  another  light  or  colours  and  heat,  and  the  third  chemical 
effects.  Should  a  room  be  completely  darkened,  except  a  hole 
A,  Fig.  32.  of  only  about  an  inch  square  in  a  window  shutter ; 
and  a  prism,  B,  be  applied  to  this  hole,  so  that  the  solar  rays 
may  fall  upon  one  side,  and  in  passing  out  at  one  of  the  other, 
be  thrown  upon  a  white  sheet,  C  D,  at  the  opposite  side  of  the 
room ;  the  7  prismatic  colours  will  be  displayed  thereon,  as  seen 
in  the  rainbow :  this  phenomenon  is  called  the  spectrum.  The 
red  18  the  lowest  of  the  series,  then  the  orange,  the  yellow,  the 
preen,  the  blue,  the  indigo,  and  the  violet  follow  successively. 
If  the  whole  height  of  the  spectrum  be  divided  into  360  parts, 
each  colour  will  occupy  as  follows; — red  46,  orange  27,  yellow 
48,  green  and  blue  each  60,  indigo  40,  and  violet  80,  of  these 
rays,  the  red  are  the  least  refracted,  and  the  violet  the  most. 

When  a  thermometer  is  applied,  the  red  rays  are  found  to 
afford  the  most  heat;  but  below  the  red,  and  even  where  there 
is  neither  light  nor  colour,  the  mercury  will  rise  considerably 
higher  than  when  held  in  the  red.  (see  Chap.  XIV.  s.  6).  Hence 
it  is  concluded,  that  there  are  rays  coming  from  the  sun  that 
produce  heat  only,  which  are  thence  named  the  calorific  rags. 
The  other  colours  have  successively  less  effect  on  the  thermo- 
meter than  the  red;  that  of  the  violet  is  imperceptible.  But  as 
the  sun's  rays  have  the  power  of  detaching  oxygen  from  its  com- 
binations; or,  as  we  would  say  in  common  language,  of  destroy- 
ing or  changing  colours;  so  the  order  of  rays  producing  this 
effect,  is  the  reverse  of  the  caloriBc  rays.  The  violet  are 
the  most  powerful;  but  there  are  invisible  rays  beyond  these, 
producing  neither  light  nor  heat,  which  are  in  this  respect  still 
more  energetic; — they  are  therefore  called  ihedeoxggenizingnys. 


Digitized  by  VjOOQIC 


1S4  OPTICS. 

To  accoant  for  the  dtferent  cobmrs  we  see  in  the  face  of 
natiire»  it  is  supposed^  that  certain  substances  absorb  some  of 
the  rajs  of  light,  and  reiect  the  rest  to  the  eye.  Thms,  a  red 
surface  reflects  the  rays  prodacing  the  red,  and  absorbs  all  the 
rest ;  and  so  of  the  others.  If  a  siurlace  absorb  all  the  TMjm, 
reflecting  none,  it  is  black ;  and  if  it  reflect  ail,  and  absorb  noao^ 
it  is  white:  hence,  black  and  white  are  'said  to  be  no  colowra  ; 
the  one  learing  a  total  blank  on  the  optie  nenre,  and  the  otker 
ponring  all  the  rays  of  light  upon  it. 

Should  due  proportions  of  paints  of  all  the  seven  colouni  he 
blended  together,  Uie  compound  will  be  a  white;  though  ft  Utile 
dingy  on  account  of  the  impurity  of  artificial  colours.  But  the 
best  method  of  experimentalising  on  this  subject,  is,  to  nudce 
a  oirek  on  a  piece  of  white  paste  board;  and  set  off  degrees  ef 
its  circumference  corresponding  with  the  proportioad  numbers 
of  the  different  colours  on  the  spectnun;  painting  each  sector 
of  the  circle  with  its  respective  colour,  or  covering  it  with  pieces 
of  c<rioured  cloth;  then  with  a  pin  through  the  centre,  spin  iL 
rery  rapidly  round,  and  the  party  coloured  circle  will  apipear 
almost  white. 

Four  of  the  above  7  colours  can  be  produced  arttficially  firon 
the  red,  yellow,  and  violet;  which  three,  ha?e  eonaeqnentlj 
sometimes  been  called  the  primary  colours ;  |tnd  the  others,  sap- 
posed  to  be  but  mixtures  on  the  spectrum,  have  been  deuemi- 
sated  secondary. 

4.  THE  RAINBOW. 

The  rainbow  is  by  far  the  most  beautiful  of  the  aerial  pheno? 
mens.  It  is  caused  by  the  rays  of  the  sun  falling  upon  a  shower 
of  rain,  when  the  drops  act  as  prisms  and  refract  the  iight 

The  spectator  must  therefore  be  stationed  between  the  shower 
and  the  sun,  with  his  back  to  the  latter  when  the  bow  will 
appear  to  bestride  the  shower.  As  all  the  circular  parts  appear 
at  exactly  the  same  distance  from  the  eye;  were  lines  drawn  to 
the  out  edge  of  the  bow  they  would  form  a  cone,  or  part  of  one^ 
with  the  apex  at  the  eye. 

The  sine  of  the  bow  or  height  of  the  arch  depends  upon  the 
elevation  of  the  sun.  If  the  sun  be  high,  the  rainbow  is  lew; 
anid  if  the  sun  be  low  the  rainbow  is  hig^,  more  of  the  eireular 
base  of  the  cone  being  seen ;  so  that,  should  the  spectator  be  on 
a  moantaiBy  while  a  shower  is  falling  in  the  adjoining  vaUejTi  be 
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irould  see  ihe  whole  circle,  instead  of  Ihe  arch  generally  seen 
(m  the  plains.  In  the  spray  of  the  sea  er  of  cataracts,  in  the 
shower  of  an  artificial  fountain,  or  in  the  drops  of  dew  that  be- 
spangle the  grass,  the  circle  is  mostly  seen  complete. 

Two  rainbows  are  generally  seen  at  the  same  time ;  the  ex- 
terior one  being  much  the  ^ainter^  and  the  order  of  the  colonrs 
are  inrerted. 

For  the  prodaction  of  the  interior  bow,  the  solar  beam  strikes 
the  drop  A  near  the  upper  surface,  (see  Fig.  33.)  is  a  Utile  re- 
firacted  downwards  while  passing  through  it;  and,  when  it 
eomea  to  the  opposite  side,  some  of  the  rays  pass  out,  and  the 
rest  are  reflected  back  towards  the  spectator,  but  rather  more 
to  the  bottom  of  the  drop ;  and  on  quitting  the  drop  are  again 
refiracted  rather  upwards,  and  are  separated  into  the  prismatic 
colours.  But  as  Uie  colours  are  refracted  at  different  angles, 
only  one  colour  from  the  same  drop  can  at  the  same  time  strike 
the  eye.  The  line  of  the  red  rays,  coming  from  the  drop,  makes 
an  Angle  with  the  beam,  that  falls  upon  the  drop  from  the  sun, 
of  42deg.  2min.,  the  angular  point  B  being  beyond  the  drop. 
But  the  violet  rays  make  an  angle  of  only  40deg.  17min.;  and, 
therefore,  as  the  red  is  the  lowest  in  the  order  of  the  bow,  the 
drops  which  produce  the  violet  will  be  the  lowest  in  the  shower: 
ooming  from  the  angular  point  C. 

This  may  be  easily  demonstrated  by  suspending,  in  the  sun- 
shine, a  hollow  glass  globe  filled  with  water;  at  such  a  height 
that  it  will  appear  red,  (the  spectator  having  his  back  to  the  sun;) 
the  angle  of  the  incidental  rays,  and  those  reflected  irom  the  red 
globe  to  the  eye,  will  now  be  found  to  be  42deg.  2min.  Should 
the  globe  be  a  little  lowered,  the  orange  wiU  appear,  then  the 
yellow,  and  lastly  the  violet  at  an  angle  of  40deg.  17min.  Thus; 
after  the  rays  have  been  twice  refracted  and  once  reflected,  they 
produce  the  inierwr  how. 

Sut  for  forming  the  exterior  bow,  the  rays  are  twice  refracted 
and  twice  reflected ;  and  as  light  always  loses  about  half  by  each 
reflection,  so  the  exterior  or  secondary  bow  is  much  fainter 
than  the  interior  or  primary  one. 

The  drops,  producing  the  secondary,  are  much  higher  than 
those  producing  die  primary.  The  solar  rays  strike  them  partly 
OB  the  under  side,  and  are  reflected  upwards ;  then  some  of  the 
rays  from  the  opposite  side  of  the  drop  are  reflected  towards  the 
upper  part  of  the  drop;  and  'some  of  these  back  to  a  littie  above 
where  the  incidental  rays  enter;  and  thence,  crossing  these 
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incidenUl  rays,  are  refracted  downwards  to  the  eye; — ihe 
red  rays  making  an  angle  with  the  solar  beam  of  51deg. 
and  the  violet  of  54deg.  As  the  colours  of  this  bow  are  inverted 
the  order  of  the  drops  are  so  likewise:  those  producing  the 
violet  having  the  greatest  elevation. 

From  the  above  remarks,  it  will  appear,  that  no  two  persons 
can  see  the  same  rainbow ;  for  different  drops  must  refract  and 
reflect  the  rays  to  the  eyes  of  each.  The  falling  drops  may 
each  produce  all  the  7  colours,  one  after  the  other ;  but  the 
mind  loses  the  idea  of  succession,  just  as  when  a  fire-brand  is 
rapidly  hurled  round,  the  appearance  of  a  permanent  circle  or 
zone  is  presented. 

A  lunar  rainbow  is  sometimes  seen ;  but,  though  beautiful, 
its  colours  are  very  faint. 

5.   REFLECTED  LIGHT. 

When  the  rays  of  light  fall  obliquely  upon  any  reflecting  sur^ 
face  they  rebound  from  it,  in  the  opposite  direction,  at  the  same 
angle;  or,  if  they  fall  perpendicularly,  they  are  reflected  per- 
pendicularly; hence  it  is  an  established  law  in  optics,  which 
holds  good  in  all  kinds  of  surfaces,  and  whether  the  incidental 
rays  be  convergent  or  divergent, /A«^  the  angle  of  refiectixm  u  equtU 
to  the  angle  of  incidence.  Let  B  C,  Fig.  30,  be  an  incidental  ray 
of  light  striking  the  reflecting  surface  L  G;  it  will  rebound  from 
it  in  the  direction  of  C  £:  making  the  angle  of  reflection  £  C  6, 
equal  to  the  angle  of  incidence  B  C  L. 

However,  it  is  found,  that  even  from  the  most  perfectly  re- 
flecting surface,  which  is  that  of  highly  polished  metal,  light,  by 
reflection,  loses  half  of  its  intensity. 

There  are  three  kinds  of  reflecting  surfaces, — the  plane  or 
flat,  the  convex  or  spherical,  and  the  concave  or  hollow  spherical. 

All  bright,  smooth  or  polished  and  level  surfaces  are  of  the  first 
kind.  A  common  looking-glass,  wherein  the  brightness  of  the 
metallic  surface  is  preserved  by  its  contact  with  the  glass,  is  the 
most  known.  The  rays  are  merely  reflected  from  this  mirror 
with  the  same  angle  at  which  they  strike  it;  but  by  having  a 
number  of  them  disposed  at  angles  corresponding  with  each 
other,  the  image  of  an  object  has  been  reflected  from  one  room 
to  another;  and  an  ignorant  spectator  almost  persuaded  that 
the  operator  could  see  through  a  wall. 

By  the  angle  of  reflection  being  equal  to  the  angle  of  inci- 
dence, a  person  is  enabled  to  see  his  whole  length  in  a  glass, 
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which  is  bat  half  his  length.  But  this  can  only  be  done  when 
the  glass  is  so  placed,  that  the  rays  coming  from  every  part  of 
the  body  shall  so  strike  it^  as  when  reflected,  they  may  reach 
the  eye.  In  this  case,  by  some  inexplicable  faculty  of  the 
mind,  we  see  along  every  reflected  ray  to  the  glass,  and  from 
the  glass  back  to  the  person  along  its  corresponding  incidental 
ray;  and,  therefore,  at  whatever  distance  we  stand  from  the 
glass,  every  part  of  the  person  appears  at  just  the  same  dis- 
tance beyond  it. 

Convex  mirrors  are  either  polished  spheres  or  slices  cut  from 
them;  and  concave,  are  parts  or  slices  of  hollow  spheres;  so 
that  the  centre  of  concavity  or  convexity  is  the  centre  of  the 
whole  sphere. 

Parallel  rays  falling  upon  a  convex  sphere  are  rendered  di- 
vergent; and  diverging  rays  are  rendered  more  divergent: — 
but,  converging  rays  are  made  either  parallel  or  less  conver- 
gent Now  as  the  angle  of  reflection  is  equal  to  the  angle  of 
incidence,  the  ray  reflected  from  a  convex  mirror  will  rebound 
outwardly;  but  as  the  image  is  seen  behind  the  mirror,  the  line 
of  the  reflected  rays  are  supposed  to  be  extended  through  the 
mirror,  and  they  will  all,  consequently,  meet  a  little  behind  it, 
at  the  point  where  the  image  is  seen,  called  the  focu$.  This 
point,  for  parallel  rays,  is  at  one  fourth  the  length  of  the  dia- 
meter of  the  sphere;  and  the  distance  is  called  the  focal  dis- 
tance. 

Let  AB  fig.  34 represent  a  convex  mirror;  C  the  centre  of 
convexity,  and  £D,  FG,  parallel  rays  falling  upon  it:  then, 
as  they  are  reflected  outwardly,  £  D  will  be  in  the  direction  of 
D  H,  and  F  G  in  the  direction  of  G I :  diverging  from  the  point 
N  which  is  the  focal  point  where  the  image  is  seen.  Should 
H  D  and  I G  be  the  convergent  incidental  rays,  then,  the  par- 
allel rays  D  £  and  G  F  will  be  the  reflected  rays. 

As  parallel  rays  are  made  divergent,  it  is  evident,  that  those 
which  strike  the  mirror  towards  the  edges,  cannot  enter  the 
eye;  and,  in  short,  only  those  can  reach  the  eye  which  strike 
its  centre ;  for  then  they  are  reflected  perpendicularly.  But 
when  a  person  views  himself  in  such  a  mirror,  rays  from  ail 
parts  of  his  body  will  strike  all  parts  of  the  convex  surface ;  and 
therefore,  some  of  them  must  be  convergent — must  strike  near 
the  centre  of  the  mirror,  or  between  G  and  D,  and  at  such  an 
angle,  that  when  they  rebound  they  must  enter  the  eye ;  —and, 
as  we  are  accustomed  to  view  objects  in  the  direction  of  the  rays 
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which  last  strike  the  eye,  therefore,  a  perscMi  will  see  his  own 
image  contracted  to  just  the  length  which  these  rays  oeciqpy  on 
the  mirror. 

Parallel  rays  reflected  from  a  concave  mirror^  are  conver- 
gent; divergent  rays  are  also  made  convergent,  or  parallel; 
and  convergent  rays  are  made  more  convergent  As  the  rays 
rebonnd  outwardly  from  a  convex  mirror,  so  they  rebonnd  in- 
wardly from  a  concave  one,  and  meet  at  a  point  in  the  frcHit. 
If  the  incident  rays  be  parallel,  as  fig.  35,  the  focal  distance  is 
at  a,  or  at  one  fonrth  of  the  diameter  of  the  whole  sphere,  if  they 
are  convergent,  the  focal  distance  is  less ;  and  if  divergent,  it 
is  greater — or  the  image  is  seen  at  the  same  distance  as  the  ob- 
ject, as  in  plane  mirrors.  Now  as  the  lines  of  the  reflected 
rays,  when  continued  through  the  mirror,  will  diverge  behind 
it,  a  person  will  see  his  image  distorted  or  magnified  in  a  con- 
cave mirror  as  be  sees  it  contracted  in  the  convex. 

The  rays  of  an  object  do  not  come  parallel  to  the  surface  of  a 
concave  mirror;  for  rays  from  every  part  of  the  object  will  strike 
every  part  of  the  mirror;  and  therefore,  being  reflected,  which 
must  be  inwardly,  they  will  meet  at  a  focus  at  the  front,  where 
they  will  cross  each  other;  and  a  person  placed  farther  from  the 
mirror,  but  in  tbe  line,  will  see  his  inverted  image  pendent  in 
the  air. 

When  the  object  is  more  remote  from  the  mirror  than  the 
centre  of  its  concavity,  the  image  will  be  less  than  the  object, 
and  between  it  and  the  mirror;  and  when  the  object  is  nearer 
than  the  centre  of  the  concavity,  the  image  will  be  more  remote 
and  magnified.  Should  the  object  be  at  the  centre  of  concavity, 
then  it  and  the  image  are  coincident. 

A  person,  a  little  beyond  the  centre  of  concavity,  will  see  his 
own  contracted  image  inverted  between  him  and  the  mirror. 
If  he  stretch  his  hand  towards  the  mirror,  one  hand  of  the 
image  will  be  held  out  towards  him :  if  his  hand  be  at  the  cen- 
tre of  concavity  the  hand  of  the  image  will  be  of  the  same  siM, 
and  will  coincide  with  the  real  hand.  Should  he  stretch  his 
hand  beyond  the  centre,  the  hands  will  pass  :  if  to  one  side^  the 
hand  of  the  image  will  move  to  the  other. 

A  bright  mahogany  table,  placed  in  the  foCits  of  a  mirror, 
that  hangs  against  the  wall  on  the  side  of  the  room  directly  ^p* 
posite  the  fire,  will  have  the  image  of  the  fire  erect  ^pon  it. 
A  person  standing  by  the  table  will  see  only  a  long  beam  of 
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l^ht;  but  should  he  be  stationed  nearer  the  fire,  a  little  to  one 
side,  he  will  see  as  it  were  a  fire  on  the  table. 

A  great  many  deceptions  have  been  practised  with  the  con- 
cave mirror;  for  by  reason  of  the  angular  law,  both  the  mirror 
and  the  object  may  be  hid :  when  the  unwary  spectator,  catch- 
ing at  an  empty  shadow  in  the  air,  and  the  operator  instantly 
substituting  some  other  object,  instead  of  laying  hold  of  a  bird 
or  a  nosegay  as  was  expected,  a  snake  or  a  death's  head 
snatekes  at  his  hand :  while,  at  the  same  time,  a  byestander 
will  see  nothing  of  the  image ;  because  none  of  the  reflected  rays 
that  form  it,  enter  his  eyes. 

6.      HALO,   CORONA,    AND  MOOKSUN. 

Thbsb  originate  from  the  solar  or  lunar  beams,  being  re- 
fracted through  or  reflected  from  the  (doud  called  the  cirro- 
stratus. 

The  kah  is  an  extensive  luminous  ring  round  the  sun  or 
moon,  but  more  frequently  the  latter,  while  the  luminary  ap- 
pears at  the  centre.  Ihe  rays  producing  it  are  refracted,  but 
not  distinctly  separated  into  the  colours.  The  halo  varies  in 
size  according  to  the  elevation  of  the  cloud:  the  higher  the 
eloud  the  less  the  diameter  of  the  halo. 

The  corona  is  sometimes  seen  in  the  centre  of  the  halo,  espe- 
cially that  of  the  moon,  but  oftener  appears  alone.  The  lumi- 
nary is  seen  as  it  were  disguised  in  a  mufl*,  with  the  prismatic 
colours  faintly  exhibited  round  the  edges.  The  siae  of  the 
corona  varies  considerably,  but  it  is  never  much  more  than  10 
degrees  diameter. 

The  mocktun  or  parhelion,  and  the  mockmoon  or  paraselene, 
seem  to  be  entirely  owing  to  reflection;  though  they  are  not  yet 
well  accounted  for,  by  reason  of  their  being  seldom  seen,  and 
of  the  want  of  knowledge  in  the  science  of  optics  in  those  who 
have  seen  them.  When  the  parhelia  have  been  observed  in 
Ett^and,  the  sun  was  not  far  above  the  horizon,  and  a  dense 
sloiid  either  immediately  beneath,  or  nearly  between  the  sun 
and  the  spectator;  so  that  the  solar  image  seemed  as  it  were 
reflected  from  Uie  bosom  of  the  cloud.  On  such  occasions 
there  is  generally  an  extensive  halo  of  60  or  80  degrees  diame* 
ter,  but  the  circle  is  seldom  complete.  And  in  the  eircumHo- 
rence  of  this  halo  are  the  mocksuns;  one  at  every  quadrant  of 
Uie  eircle;  each  having  a  halo*  round  it,  wilii  sometimes  a  co- 
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rona,  and  often  a  conical  tail  towards  the  real  sun,  They 
have  frequently  been  exhibited  so  distinctly,  that  the  asto- 
nished spectator  has  been  at  a  loss  to  distinguish  the  tme  sun 
from  the^a^ie  ones. 

As  parhelia  and  paraselenai  have  only  been  seen  where  the 
sun  or  moon  was  a  little  way  above  the  horizon,  (for  at  great 
elevations  it  would  be  impossible  for  the  reflected  rays  to  reach 
the  eye),  so  they  are  of  very  frequent  occurrence  in  the  lati- 
tude of  Hudson's  Bay,  where  the  sun  never  rises  very  high. 
Mr.  Fisher,  in  his  account  of  Capt.  Parry's  first  expedition, 
remarked,  that  when  the  mocksuns  were  exhibited,  there  was 
always  a  little  snow  falling,  but  that  it  was  as  small  and  dry  as 
dust;  and  in  all  probability,  when  they  are  seen  in  England, 
the  nimbus  cloud  is  always  beneath  the  cirrostratus. 

Artificial  haloes  may  be  formed  by  spreading  over  glass  a 
little  alum  dissolved  in  water,  which  crystallizes,  and  exhibits, 
when  the  sun  is  viewed  through  it,  three  haloes :  the  natural 
ones  are,  therefore,  probably  caused  by  frozen  vapours. 

7.  THE  LENS  AND  BURNING  GLASS. 

A  PIECE  of  glass  fashioned  by  the  optical  art,  so  as  to 
change  the  direction  of  the  rays  of  light,  is  called  the  leiu. 
There  are  two  kinds  of  lenses,  (see  Fig.  36.)  named  according 
to  their  form,  as  the  piano  amvex  A,  and  double  convex  C,  the 
piano  concave  B,  and  double  concave  D;  and  the  miniscus  £.  The 
axis  F  G,  of  a  lens  is  the  line  passing  through  its  centre  and 
focus,  and  is  extended  to  any  distance  on  each  side. 

A  plano-^^onvex  has  one  side  flat  and  the  other  convex,  being 
a  slice  cut  from  a  sphere.  Parallel  rays  falling  on  the  convex 
side,  converge  to  a  focus  on  the  opposite  side :  the  focal  dis- 
tance being  the  diameter  of  the  whole  sphere;  see  Fig.  37.  A 
double  convex  is,  as  it  were,  the  flat  sides  of  two  of  these  joined 
together.  The  effect  is  to  make  the  rays  converge  at  half  the 
distance,  or  at  the  centre  of  the  sphere,  see  Fig.  38.  Should 
the  inner  surface  belong  to  a  slice  from  a  less  sphere  than  that 
of  the  outer  one,  the  rays  will  converge  to  a  point  at  a  less  dis- 
tance than  the  centre  of  the  sphere  of  the  outer  surface ;  and, 
if  it  be  a  part  of  a  greater  sphere  than  the  outer  one,  then  the 
focus  will  be  beyond  the  central  point  of  the  outer  sphere. 

Should  the  rays  pass  through  a  similar  lens  placed  at  the 
same  distance  heyond  the  focus,  as  in  Fig.  38, — they  will  be 
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rendered  parallel.  The  rays  from  a  candle  are  divergent ;  if, 
therefore,  a  candle  be  placed  in  the  focus,  the  rays  will  be 
made  parallel ;  if  within  the  focal  distance,  they  will  continue 
divergent ;  and  if  placed  at  a  greater  distance  than  the  focus, 
they  win  couTcrge  and  form  an  inverted  image  of  the  candle  a 
little  beyond  the  focus  at  the  opposite  side,  which  miay  be  ex- 
hibited on  a  sheet  of  white  paper  placed  thereat.  Converging 
rays,  therefore,  passing  through  a  convex  lens,  will  come  to  a 
point  within  the  focal  distance  ;  and  diverging,  at  a  point  be- 
yond it. 

The  plano-concave  and  doubie-concave  are  the  reverse  of  the 
single  and  double  convex,  being  portions  of  a  concave  sphere; 
and  their  effect  is  to  make  the  rays  diverge  as  if  they  had  come 
from  a  point  at  the  opposite  side  or  centre  of  the  spherical  con- 
cavity, thence  called  the  virtual  or  imaginary  focus.  In  a  single 
concave  this  focal  point  is  at  the  length  of  the  whole  diameter 
of  the  sphere,  in  a  double  concave  it  is  only  at  half  the  distance 
of  the  piano,  and  the  divergency  of  the  rays  are  therefore  dou- 
ble.    See  Fig.  30. 

The  miniscus  is  the  common  watch  glass,  being  concave  at 
one  side  and  convex  at  the  other.  If  the  convexity  and  con- 
cavity have  the  same  diameter,  parallel  rays  will  still  be  parallel ; 
but  as  their  diameters  generally  vary,  so  the  rays  entering  at  the 
convex  surface,  will,  if  the  concavity  as  £  in  Fig.  36,  have  a 
greater  diameter  than  the  convexity,  diverge;  but  if  less,  then 
they  will  converge. 

The  doMe  conyex  lens  is  the  burning  glass;  and  acts  on 
the  principle  of  collecting  the  solar  rays,  scattered  over  a 
large  surface,  into  a  narrow  space.  Thus:  a  lens  of  4in. 
diameter  will  collect  the  rays  to  a  focus  of  less  than  one  tenth  of 
an  inch  diameter;  and,  consequently,  the  concentrated  light  and 
heat  of  that  point  will  be  1600  times  more  intense  than  the 
common  heat  of  the  sun.  A  lens  of  as  many  feet  diameter,  with 
the  focus  a  little  more  concentrated  by  a  smaller  lens,  will  cause 
a  heat  which  scarcely  any  thing  can  resist;  and  which  is  only  ex- 
ceeded in  intensity  by  the  blow-pipe  and  galvanic  apparatus. 

Decanters,  glass  jugs,  flasks,  or  any  globular  or  bulbous 
shaped  glass  vessels,  when  filled  with  water,  act  as  lenses ;  and 
furniture  has  sometimes  been  set  on  fire  by  their  being  casually 
left  in  the  solar  rays. 

The  effect  of  the  solar  rays,  concentrated  at  the  focus  of  a 
concave  mirror,  is  the  same  as  that  of  a  lens ;  and  plane  mirrors 
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plaeed  in  the  evtrve  of  a  eirele  will  produce  the  s«me  efieet 
With  40  plane  mirrors  so  disposed,  Bafibn  is  said  to  hare  burnt 
deal  boards  at  the  distance  of  66  feet ;  and  with  117,  he  melted 
silver.  It  is  related  of  the  philosopher  Archimedes,  that  while 
the  Romans  besieged  the  city  of  Syracuse,  he,  with  mirrors 
placed  at  the  distance  of  a  bow  shot,  set  fire  to  their  fleet  as  it 
lay  in  the  harbour.  It  has  been  supposed  that  he  did  it  with 
plane  mirrors  disposed  as  above. 

8.   THE  BYB. 

The  rays,  that  enter  the  human  eye  and  produce  vision,  pass 
through  a  double  convex  lens,  called  the  crystalline  lens,  and 
are  subject  to  the  laws  we  have  been  describing.  But  previously 
to  the  explanation  of  this,  it  will  be  necessary  to  give  a  desorip* 
tion  of  the  mechanism  of  the  eye. 

The  eye  consists  of  three  coats,  including  three  human,.  The 
Jhrt  or  outside  coat  is  called  the  sclerotica,  and  is  a  tough  mem- 
braneous substance  ;  but  the  visible  part  at  the  front  is  transpa- 
rent and  horny,  and  is  called  the  cornea.  Behind  the  cornea 
is  the /irst  or  aqueous  humor,  .covering  the  iris  and  touching  the 
crystalline  lens. 

The  second  or  middle  coat,  which  is  muscular,  is  called  the 
choroides;  but  the  front  is  the  iris,  with  a  hole  in  the  middle  for 
the  aqueous  humor.  The  colour  of  the  internal  part  or  that  next 
the  third  coat,  is  black  or  very  dark  purple;  and  as  it  is  seen 
through  the  crystalline  lens  or  pupil, — the  pupil  seems  to  be  of 
the  same  colour.  But  the  colour  of  the  tapetum,  as  this  part  of 
the  choroides  is  called,  varies  in  different  animals. 

The  third  or  innermost  coat,  which  lines  the  back  part  of  the 
eye,  is  called  the  retina.  It  consists  entirely  of  nerves  forming 
a  kind  of  network  or  fllmy  web.  The  nerves  unite  behind  in  a 
chord  called  the  optic  nerve ;  which,  passing  through  the  other 
two  coats,  ascends  to  the  brain  :  see  A,  Fig.  40.  At  the  front 
of  this  last  coat  is  placed  the  pupil,  or  second  humor  called  the 
crystalline  lens ;  and  in  the  concavity  between  it  and  the  retina 
is  the  last,  but  considerably  the  largest  humor,  called  the  mire- 
aus  humor.  The  use  of  this  last  humor,  seems  to  be  for  a  stay  to 
keep  the  lens  steady,  so  that  its  focus  may  alway  be  at  the  retina* 

The  aqueous  humor  is  the  most  fluid,  resembling  water.  In 
it  the  iris  seems  to  swim;  so  that  it  is  divided  into  the  interior 
send  posterior  aqueous  humor. 
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The  crystalline  lens  is  as  transparent  as  the  purest  crystal. 
Its  consistency  is  that  of  hard  jelly ;  but  it  is  somewhat  softer 
towards  the  edges.  It  is  contained  in  a  strong,  transparent 
membrane,  called  the  arachnoides,  which  is  supported  by  radial 
fibres,  bending  inwards  from  the  choroides : — these  fibres  are 
called  the  ligamentum  ciliare.  The  place  where  this  muscular 
ligament  turns  inward,  is,  around  the  outer  part  of  the  iris ;  and 
is  called  the  ciliare  circle ;  there  also  terminates  the  retina. 

The  appearance  of  the  vitreous  humour  is  that  of  melted  glass ; 
hence  its  name.  It  is  not  so  hard  as  the  crystalline,  nor  so 
soft  as  the  aqueous  humour. 

Here,  then,  we  have  a  complete  apparatus  for  seeing  in  the 
form  of  a  compact  round  ball ;  the  shape  of  all  others  the  best 
adapted  for  moving  in  a  socket,  which  it  does  in  every  possible 
direction ;  and  which  is  accomplished  by  muscles  attached  to 
its  outer  coat  For  its  preservation,  it  is  placed  in  a  concavity 
called  the  orbit,  well  lined  with  fat  to  form  a  soft  bed  for  it  to 
rest  upon,  and  to  facilitate  its  movements.  The  edges  of  this 
concavity  are  of  solid  bone ;  and  project  on  all  sides  above  the 
level  of  the  eye,  to  guard  it  from  accidents.  The  eyebrows 
protect  it  from  substances  that  might  slide  down  the  forehead; 
and  the  eyelids  cover  it  up  while  we  are  asleep;  and  while  we 
are  awake,  being  furnished  with  a  liquor  for  the  purpose,  are 
continually  washing,  moistening,  and  rendering  it  transparent. 
To  -prevent  the  eyelids  from  falling  into  wrinkles,  they  are  stif- 
fened with  a  cartilaginous  arch.  Each  eye  is  also  furnished 
with  two 'palisades  of  short  hair, — the  eye-lashes,  that  ward 
off  flies,   or  such  small  objects  as  float  in  the  air. 

As  to  the  eye's  internal  structure, — where  the  sight  is  per- 
fect, the  lens  is  so  disposed,  that  the  focal  distance  is  imme- 
diately at  the  retina;  and  there  is  the  inverted  image  painted 
and  thence  the  sensation  is  conveyed  to  the  brain.  But,  be- 
cause we  sometimes  view  objects  with  a  great  deal  of  light,  and 
at  other  times  with  very  little,  there  is  a  contrivance  to  remedy 
the  inconvenience  which  might  arise  from  this  circumstance  to 
the  optic  nerve.  This  consists  of  a  double  set  of  muscles  placed  in 
the  iris.  In  the  front  of  the  iris  is  a  hole  filled  with  tbe  aqueous 
humour,  which  humour  easily  gives  way  to  any  pressure.  This 
hole,  by  the  one  set  of  muscles  we  can  at  pleasure  enlarge,  and 
by  the  other  contract;  and  that  so  easily,  that  by  habit  we  do 
it  unconsciously.  Should  the  light  be  too  great,  as  wh^i  we 
look  at  the  sun  or  a  candle,  we  then  contract  the  hole  in  the 
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iris,  like  the  moath  of  a  purse,  till  not  more  of  die  piipil  is 
seen  than  a  part  abont  the  size  of  a  small  pin-head;  and,  on 
the  contrary,  should  it  be  nearly  dark,  we  enlarge  the  orifice 
when  the  pupil  appears  about  the  size  of  a  pea ;  so  that  die 
number  of  rays  admitted  on  both  occasions  approximate  to  an 
equality. 

But  utility  is  not  all  that  Nature  aims  at  in  her  works, — she 
is  as  fond  of  beauty  as  any  of  her  admirers ;  and  therefore  she 
has  painted  the  iris  of  die  eye,  by  far  the  most  conspicuous 
part  of  the  body,  with  such  a  variety  of  colours,  and  with  what 
an  amateur  would  call  effect,  that  no  art  can  imitate.  And 
this  surrounding  the  black  or  very  deep  purple  of  the  pupil, 
gives,  when  enlivened  with  intellect  and  sentiment,  an  indescri- 
bable expression*  to  the  whole;  so  that  the  eye  is  very  truly 
stUed  the  mental  index  and  the  window  of  the  soul. 

When  both  the  surfaces  of  a  double  convex  lens  are  alike, 
the  focal  distance  on  each  side  is  the  same.  The  diameter  of 
the  eye-ball  is  only  about  three-quarters  of  an  inch,  and  at  this 
distance  must  the  focus  be.  Had  bodi  sides  of  the  crystalfine 
lens  been  of  Uie  same  convexity,  the  point  at  which  we  could 
have  viewed  objects  the  best  would  therefore  have  been  at 
three-quarters  of  an  inch  from  the  eye — a  very  inconvenient 
distance.  To  obviate  this  difficulty,  the  outer  convex  is  con* 
siderably  flatter  than  the  inner  and  half  as  broad  again ;  so  that 
by  this  simple  contrivance,  instead  of  seeing  a  vei'y  small  ob* 
ject  the  best  at  the  above  distance,  to  the  great  annoyance  df 
a  very  conspicuous  feature,  we  can  see  the  best  at  a  distance 
of  seven  or  eight  inches. 

By  the  assistance  of  the  muscular  ligament,  called  the  Uga- 
mentum  ciliare,  we  are  enabled,  though  we  do  it  uneon* 
sciously,  to  partially  alter  the  convexity  of  the  crystallhM 
lens,  as  we  look  at  objects  near  or  at  a  distance.  Nature, 
whose  works  always  display  the  most  consummate  wisdom  and 
unbounded  benevolence  of  design,  has  a  wonderful  contrivance 
in  this  respect  for  the  convenience  of  birds.  It  is  necessary 
that  they  should,  both  for  the  purpose  of  seeking  their  prey 
and  avoiding  danger,  be  enabled  to  see  objects  at  a  great  dis* 
tance;  consequendy,  there  is  a  peculiarity  in  the  structure  of 
their  eyes.  It  is  found  that  they  can  flatten  the  crystalline 
lens,  and  thus  see  at  a  greater  distance  than  any  other  animaL 
But  this  is  not  all.  Were  the  eye  stationary  in  this  posidoui 
they  would  be  totally  blind  at  die  distance  of  their  beaks;  and, 
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e0iMi#qn0iidyy  could  not  see  small  seeds  and  insects  upon  which 
most  of  them  subsist.  Therefore,  they  can  also  increase  the 
oonvexitj,  so  as  to  snit  the  focal  distance  exactiy  to  the  tip  of 
tfaflir  bUb. 

Defective  sight  generally  arises,  either  from  the  rays 
naiting  before  they  reach  the  retina,  or  not  till  they  are  past  it. 
In  the  former  case,  the  person  is  said  to  be  near  sighted ;  and 
die  contrary,  in  the  latter.  Near  sight  is  owing  to  too  much 
fulness  of  the  humours,  causing  too  great  convexity  of  the  cor- 
nea or  crystalline  lens.  Where  this  defect  is  found  it  is 
mostly  in  young  persons.  But  in  old  age  these  humours  pine« 
eopsoquently  the  crystalline  lens  and  cornea  become  flatter; 
and,  therefore,  people  near  sighted  while  young,  will,  in  old 
age,  have  perfect  vision,  because  the  focal  distance  wil}  then 
be  at  the  retina.  But  in  the  eyes  of  old  people,  who  enjoyed 
g»od  sight  when  young,  the  focus  is  behind  the  retins^; — hence 
their  vision  is  indistinct. 

fipeetacles  are  lenses  made  to  correct  these  defects.  In  the 
eaae  of  near  sighted  persons  the  eye  is  too  strong ;  it  can  do  too 
nieh»  and  therefore  it  is  necessary  to  have  a  lens  to  weaken  i%, 
or  give  it  more  to  do.  Parallel  rays,  passing  through  a  double 
concave  lens,  are  made  to  diverge ;  consequently,  when  such 
diverging  rays  are  made  to  pass  thfough  a  double  convex  lens, 
as  through  the  crystalline  humour,  the  focal  distance  is  increased; 
and  dius  are  they  made  to  reach  the  retina  before  they  unite ; 
and>  therefore,  to  produce  perfect  vision.  An  aged  person, 
with  dim  sight,  always  holds  the  thing  he  wishes  to  see  at  a 
gireat  distance,  that  the  rays  may  be  the  more  converged  when 
)hey  arrive  at  the  eye ;  and,  consequently,  sooner  come  to  a 
focus  behind  the  crystalline  lens.  He  therefore  needs  a  double 
convex  to  partially  converge  the  rays,  and  thus  to  answer  the 
purpose  of  holding  objects  at  so  great  a  distance ;  and  yet, 
c<dfect  as  many  rays  as  when  he  holds  them  at  the  usual 
distance.  As  persons  grow  older,  the  convexity  of  the  lens 
fil9St  be  increased  in  the  one  case ;  and  in  the  other,  the  cpn^ 
Civiiy  diminished. 

Sometimes  dimness  of  sight  proceeds  from  want  of  transpa- 
f^^y  in  the  humours,  or  a  defect  in  the  optic  nerve ; — when  the 
bflp  of  glasses  is  of  no  avail ;  and  sometimes  the  loss  of  ^igh^  is 
mmd  by  excess  in  the  quantity  of  the  vitreous  humour,— «nd 
•dif  n,  a  Moall  instrument,  run  through  the  front  of  the  eye  on 
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one  side  of  the  iris,  will  let  out  some  of  this  faumour,  and  remedy 
the  defect : — the  operation  is  calbd  couching.] 

There  is  no  animal  found  with  less  than  two  eyes ;  hut  the 
greater  part  of  insects  have  more  than  two.  The  spider  and 
scorpion  have  eight.  Some  insects  have  more  than  a  thousand 
eyes  collected  in  two  orbits.  In  a  fly  sixteen  thousand  eyes 
have  been  counted ;  in  a  beetle  six  thousand  three  hundred  and 
sixty-two ;  and  in  a  butter-fly  sixty-four  thousand  six  hundred 
and  fifty. 

The  figure  of  the  pupil,  also,  differs  in  different  animals.  In 
man  it  is  circular ;  in  the  ox  it  is  oval,  the  longer  diameter  being 
across  the  face  ;  and  in  the  cat  it  is  oval,  but  the  longer  diameter 
is  perpendicular.  In  such  animals  as  seek  their  prey  by  night, 
the  pupil  is  much  larger,  than  in  such  as  seek  it  by  day ;  so 
that,  they  may  collect  more  rays,  and  thus  have  a  more  lively 
impression  on  the  retina.  But  each  contrivance  is  always  ex- 
actly adapted  to  the  creature's  peculiar  way  of  life,  and  to  the 
distinguishing  of  its  food.  The  atheist  may  call  all  these  evident 
contrivances  in  the  eye,  chance  or  appetency ;  but  the  christian 
reads  in  them,  a  luminous  manifestation  of  that  wisdom  and 
benevolence,  which  pervade  all  the  works  of  nature. 

9.   OPTICAL  INSTRUMENTS. 

Objects  appear  large  or  small  according  to  the  distance  at 
which  they  are  viewed.  Thus,  an  object,  at  the  distance  of  100 
yards,  appears  to  be  bat  half  the  size  that  it  is  when  at  half  that 
distance ;  and  no  more  than  one-tenth  as  large  as  it  appears  to 
be  when  it  is  at  the  distance  of  only  10  yards :  see  Fig.  41. 
Hence,  Vhen  we  know  the  real  size  of  any  object  we  can  judge 
of  the  distance  by  its  apparent  size ;  but  in  o^er  cases,  we  are 
continually  labouring  under  the  deception  caused  by  the  distance 
of  objects.  If  we  look  down  a  long  street  with  a  row  of  houses 
on  each  side,  though  the  rows  are  parallel,  they  seem  to  come 
together  at  the  bottom.  Should  we  stand  close  to,  or  lay  at  the 
foot  of  a  high  wall,  as  the  gable  of  a  house,  and  look  upwards, 
the  wall,  though  perpendicular,  seems  to  be  hanging  over  us 
and  to  be  falling.  Sailors  in  the  Pacific  Ocean,  on  the  western 
side  of  the  highest  Andes,  even  miles  distant  from  Uie  shore, 
still  have  the  impression  of  these  stupendously  high  mountains 
overhanging  them.     Looking  across  the  sea,  it  appears  to  rise 
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into  a  ridge,  and  it  gives  the  idea,  when  viewed  from  a  distance, 
of  a  dark  mountain  :  whereas,  in  reality  it  declines  the  contrary 
way,  being  a  portion  of  a  globe  on  the  highest  point  of  which 
we  stand.  The  moon,  also,  appears  larger  than  the  sun ;  and 
will  sometimes,  as  in  an  eclipse,  even  cover  his  disc  ;  though, 
the  one  is  comparatively  a  mere  speck  to  the  other. 

Now  as  the  object  at  10  yards  distance,  subtends  an  angle 
at  the  eye  ten  times  greater  than  it  does  at  100  yards;  if,  by  any 
means,  we  can  view  the  object,  while  at  this  last  distance,  under 
the  same  angle  as  when  it  is  at  only  10  yards,  it  will  appear 
magnified  ten  times — or,  as  we  sometimes  express  it,  will  be 
brought  ten  times  nearer. — ^To  produce  a  similar  effect  is  the 
object  of  all  microscopes  and  telescopes. 

Microtcapes, — ^The  most  simple  microscope  is  made  by  boring 
a  hole  with  a  pin  through  a  piece  of  black  paper.  Through  this 
hole  we  can  look  at  an  object,  suppose  a  grain  of  sand,  by 
reason  of  all  the  rays  except  those  that  come  from  the  object 
being  excluded,  at  only  an  inch  distance.  Now,  if  with  the 
naked  eye  we  could  not  view  it  nearer  than  8  inches,  by  being 
enabled  to  view  it  at  only  one  inch,  the  diameter  of  the  image 
on  the  retina  will  be  eight  times  greater;  consequently,  the  sur- 
face will  be  magnified  64  times,  and  the  bulk  512. 

The  principle  of  the  microscope  is  easily  demonstrated  from 
what  was  said  on  the  description  of  the  convex  lens.  The  rays 
from  a  small  object  are  divergent ;  consequently  those  from  a 
grain  of  sand,  at  the  distance  of  an  inch,  would  diverge  as  from 
a  focus;  and  the  rays  passing  through  the  crystalline  lens  would 
be  rendered  parallel;  and  therefore  no  image  could  be  depicted 
on  the  retina.  But  being  viewed  through  the  pin  hole  in  the 
paper,  only  such  rays  will  come  through  the  hole  as  are  parallel; 
but  parallel  rays  passing  through  a  double  convex  lens  converge 
to  a  point  called  the  focus,  which  point  in  the  eye  is  at  the 
retina. 

There  are  three  kinds  of  microscopes :  the  ringle,  the  com- 
pomtdf  and  the  solar.  But  all  act  on  the  principle  of  presenting 
us  with  an  image  nearer  the  eye ;  and  of  excluding  all  the  rays 
except  those  from  the  object. 

The  single  microscope  is  the  double  convex  lens;  the  object 
is  placed  at  its  focus,  and  the  rays  are  thus  made  parallel;  so 
that  a  much  larger  number  enter  the  eye ;  and  being  parallel, 
are  concentrated  at  the  focus  on  the  retina.  The  magnifying 
power  is  equal  to  the  distance  at  which  we  view  the  object  with 
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tbie  naked  eye,  divided  by  the  focal  dii Unce  of  the  lens.  Sbonld 
Hie  one  bo  7  inches,  and  the  other  only  a  quarter  of  an  inch; 
thon»the  diameter  will  be  magnified  28  times,  and  the  surface  1&4U 

The  compomnd  microscope  (see  Fig.  42)  consists  of  two  convex 
loniwn :  the  one  next  the  object,  is  called  the  object  glass,  ail4 
the  other  next  the  eye  is  the  eye  glass.  The  object  a  6  is  placed 
a  little  beyond  the  focal  distance;  and  its  magnified  image  c  </  at 
the  opposite  side  is  met  by  the  focus  of  the  eye  glass :  the  eye 
being  at  the  other  focal  point  e.  The  rays  therefore  from  each 
point  will  be  parallel  with  each  other  till  they  arrive  at  the  eye, 
when  they  will  begin  to  converge  by  the  refractive  power  of  the 
humours;  and  as.the  image  extends  an  angle,  they  will  cross  each 
other  within  the  eye,  and  depict  an  inverted  image  B  A  on  the^ 
retina.  In  this  case,  it  is  the  image,  and  not  the  object,  that  is 
viewed  by  the  eye.  The  magnifying  power  is  in  proportion,  as 
the  image  is  made  larger  than  the  object  by  the  object  glasSf 
multiplied  by  the  power  obtained  in  the  eye  glass  by  our  being 
enabled  to  view  it  at  a  less  distance.  There  are  frequently  two 
eye  glasses,  when  the  object  is  less  magnified,  but  more  of  it 
is  seen. 

In  the  sojor  microscope  Fig.  43,  the  suns  rays  ss  ^^re  reflect^4 
through  a  tube  fixed  in  a  wimlow  shutter,  into  a  dark  room*  In 
this  tube  is  a  double  convex  lens,  which  converges  the  rays 
upon  an  object  c  d  placed  within  the  focal  distance.  The  rays 
then,  before  they  eome  to  a  focus  and,  consequently,  while  tbej 
are  convergent,  pass  through  another  double  convex  lens  0  /; 
and  the  image  is  exhibited  on  a  sheet  of  white  paper.  The  rays 
being  divergent,  the  image  C  D  will  be  of  any  magnitude  accor<> 
ding  to  the  distance  of  the  paper  from  the  lens;  and  so  distinctly 
exhibited,  that  a  person  may  draw  its  outlines  on  the  back  of 
the  paper. 

Some  microscopes  are  fitted  up  with  a  concave  mirrori  90 
that  the  object,  being  placed  near  the  focus  of  the  reflected  rayji, 
is  examined  in  a  much  greater  quantity  of  light. 

7^;2escc9»ei.-*Telescopea  ar^  of  two  kinds ;  refracting  and  nr 
Jke^ng  telescopes.  The  most  siipple  refracting  telescope  ec^- 
sists  of  an  object  glass,  and  one  eye  glass--*both  convex :  th? 
fonner  being  much  broader  and  flatter  than  the  latter.  The 
design  of  the  object  glass  is  |o  produce  a  new  image ;  and  pf  t^ 
9ye  g)ass,  to  enable  us  to  view  it  under  an  enlarged  anflflc ;-4frf 
distance  that  the  two  glasses  are  placed  from  each  pth^r  in  4|ie 
M»e,  is  e%aal  jto  the  two  focal  distances.    For  inatonce,  if  with 
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the  naked  eye  we  see  an  object  at  the  diirtanee  of  100  yards. 
Under  an  angle  of  one  degree,  and  tbe  glass  enable  as  to  view  it 
under  an  angle  of  lo  degrees,  by  producing  an  image  at  the 
focal  distance  of  the  eye  glass ;  then  it  magnifies  ten  times,  and 
produces  the  same  effect  on  the  retina  as  if  we  had  advanoed  to 
within  ten  yards  of  the  object.  Unless  the  focal  distance  of 
the  object  glass  be  greater  than  the  focal  distance  of  the  eye 
glass,  the  object  will  not  be  magnified.  Should  it  be  less,  it 
will  be  diminished,  as  when  we  look  through  a  telescope  rerar" 
sed;  therefore,  the  magnifying  power  will  depend  upon  the  dis-* 
proportion  of  tl\e  focal  distances,  and  is  found  by  diiriding  the 
one  by  the  other.  In  the  above  case,  where  ^e  magnifying 
power  is  10,  if  the  focal  distance  of  the  object  glass  be  10  in-» 
ches,  that  of  the  eye-glass  will  be  but  one.  Hence  the  power 
of  telescopes  does  not  depend  more  upon  the  length,  than  upon 
the  convexity  of  the  eye-glass. 

But  though  this  telescope,  if  long  enough,  may  be  made  to 
magnify  to  any  degree,  yet  the  focal  distances  must  bear  some 
proportion  to  each  other.  An  object  glass,  whose  focal  di** 
tance  is  10  feet,  will  not  admit  of  an  eye-glass  widi  a  less  focal 
distance  than  2^  inches;  and  the  telescope  will  magnify  48 
times.  An  object  glass  of  100  feet  focal  distance,  must  have 
an  eye-glass  with  more  than  6  inches  focal  distance;  the  mag^ 
nifying  power  is  near  200.  However,  as  this  telescope  with 
only  two  glasses,  inverts  the  images  with  respect  to  the  objects, 
it  is  only  fit  for  viewing  the  heavenly  bodies. 

Some  of  the  larger  pocket  telescopes  contain  five  lenses;  of 
these,  three  are  eye-glasses,  all  of  the  same  focal  distance; 
one  object  glass,  and  the  remaining  lens  is  added  merely  to 
give  the  figure  an  upright  position. 

A  great  incfonvenience  at  one  time  attended  refracting  teles* 
copes,  on  account  of  the  edge  of  the  lenses,  especially  if  they 
were  large,  or  very  convex,  causing  the  prismatic  colours. 
This  was  happily  remedied  by  Dolland,  who  invented  the 
mekfom(»Hc  lens,  in  which,  by  combining  the  plate  and  crown 
glass  in  the  same  lens,  he  counteracted  each  other^s  effects. 
Another  contrivance  is  also  made  use  of  to  remedy  this  defect. 
It  consists  of  a  plate  fixed  in  the  tube  near  one  of  the  foci,  with 
a  small  hole  in  the  centre,  through  which  the  axes  of  all  the 
lenses  would  pass;  and,  of  course,  the  rays  of  light  must  go 
througb  it ;  the  hole  being  small,  the  outside  straggling  rays  of 
eolonr  are  cut  off,  and  also  absorbed  by  the  plate  being  blacks 


Digitized  by  VjOOQIC 


200  OPTICS. 

ened.  This,  circumscribes  the  image,  and  lessens  the  field  of 
view;  but  it  cannot  be  well  dispensed  with:  and  after  all,  by 
reason  of  the  prismatic  colours,  refracting  telescopes  are  on  a 
limited  scale. 

Galileo's  telescope  is  a  refractor ;  and  consists  of  a  double 
convex  object  glass,  and  a  double  concave  eye  glass;  and  the 
distance  between  them  is  equal  to  the  difference  of  their  focal 
distances.  The  telescope  with  which  he  discovered  Jupiter's 
satellites  only  magnified  twelve  times.  This  glass  has  the  most 
light  of  any  of  them ;  but  by  reason  of  the  concave  eye  glass, 
some  rays  do  not  enter  the  eye ;  and  therefore  the  image  is  ren- 
dered indistinct — consequently,  the  glass  is  only  used  for  short 
distances.    The  common  opera  glass  is  one  in  miniature. 

Newton's  reflecting  telescope  consists  of  a  concave  mirror, 
a  plane  mirror,  and  a  double  convex  lens.  The  concave  mirror 
is  placed  at  the  lower  end  of  the  tube  ;  and  before  the  reflected 
rays  unite  at  a  focus,  they  fall  upon  the  plane  mirror  placed  at 
an  angle  of  45  degrees,  which  reflects  them  to  the  lens,  or  eye 
glass  at  the  top ;  so  that  the  observer  looks  down  into  the  tube. 
The  light  being  twice  reflected,  loses  much  of  its  intensity. 

Gregory's  reflector  has  two  concave  mirrors,  and  two  plano- 
convex lenses ;  and  the  observer  uses  it  as  a  common  pocket 
telescope.  The  larger  mirror,  which  is  disposed  near  the  eye 
glass,  has  a  round  hole  at  its  centre.  At  the  front  of  this  hole, 
but  beyond  the  focal  distance  of  the  mirror,  is  placed  the  other 
mirror.  The  parallel  rays,  falling  upon  the  larger  mirror,  are 
reflected  back  to  the  smaller ;  and  back  again  through  the  hole 
of  the  larger  to  the  lenses  or  eye  glass  placed  behind  it.  The 
disadvantage  arises  from  the  loss  in  being  twice  reflected,  and 
from  a  large  portion  of  rays  being  lost  on  account  of  the  hole 
in  the  centre  of  the  larger  mirror,  or,  the  intervention  of  the 
smaller  mirror  between  the  larger  and  incidental  rays. 

Sir  W.  Herschel's  large  telescope  is  the  most  sipple  of  all* 
It  has  but  a  mirror  and  a  lens.  The  mirror  is  placed  at  the 
bottom  of  the  tube,  and  reflects  the  rays  back  to  the  object  end, 
where  they  are  united  in  a  focus  and  farther  condensed  by  the 
lens : — consequently  the  observer  has  his  back  to  the  object. 
The  polished  surface  of  the  mirror  is  48  inches  diameter;  the 
length  of  the  tube  40  feet;  and  the  focal  distance  of  the  mirror 
29^  feet  The  instrument  magnifies  about  6000  times ;  and  the 
light,  being  only  once  reflected,  has  more  intensity  than  that  of 
either  of  the  above.   This  instrumei^t  was  completed  in  the  year 


Digitized  by  VjOOQIC 


7^.37. 


?'f^.3S. 


1X^,42 


Jmfur  soDattrMMUr  Raw  lautati/ 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


OPTICS.  301 

1789,  mnd«r  the  lole  directioB  of  the  above  truly  great  man,  and 
is  (he  most  stnpendons  monament  of  the  optical  9rt  hitherto 
erected. 

The  Camera  Mscura  consists  of  a  lens  fixed  on  one  side  of  a 
box ;  on  the  op|K>ftite  side  is  a  plan<B  Biirror,  disposed  at  aa  an- 
gle of  46^  dep'ees,  which  reflects  the  rays  to  a  square  of  rough 
glass  placed  as  part  of  the  lid  of  the  box.  These  being  disposed 
according  to  the  focal  distance  of  the  lens,  and  placed  in  a 
dirk  rooBi  or  tent  of  black  cloth,  so,  that  no  light  is  admitted 
but  through  the  lens, — the  images  of  the  objects,  to  which  the 
lens  is  directed,  are  ponrtrayed  in  miniature  upon  the  rough 
glass.  In  this  manner  may  the  moat  beautiful  scenes  of  nature 
be  re|Kresented  with  a  more  faithful  proportion  of  outline,  and 
with  more  accuracy  and  delicacy  of  touch,  than  art  can  pretend 
ta  imitate,  much  less  to  eqmd.  Sometimes  this  instrument  if 
«aed  for  examining  small  pictures ;  which,  being  ifixed  in  the 
flace  id  the  rough  glass,  are  seen  by  ,tbe  spectator  looking 
through  die  lens,  with  aU  their  beauties  or  blemishes  greatly 
magnified.  Otn  a  slight  comparia^n  it  will  he  seen,  that  the 
eniiera  obacnra  is  an  exact  representation  of  the  eye :  the  mir- 
ror acting  the  part  «f  the  retina>  (See  Fig.  40).  Some  opera 
glasses  are  constructed  on  the  principle  of  the  camera  obscur'ar 
by  the  help  of  which  the  spectator  is  enabled  to  view  an  object 
sideways,  or  while  he  appears  to  be  looking  in  another  direc- 
tion. 

The  Magic  Lantern  consists  of  two  unequal  convex  lenses 
placed  in  a  tube.  The  tube  is  so  contrived,  that  little  images, 
painted  on  glass  or  any  transparent  medium,  may  be  slid  side- 
ways into  it  near  the  junction  of  the  two  foci.  The  end  of  the 
tube  containing  the  larger  lens  is  fixed  in  a  lantern ;  and  a  can- 
dle is  placed  at  the  focal  distance.  A  concave  mirror  is  some- 
times placed  at  the  other  side  of  the  candle,  which  being  in  the 
focus,  the  rays  are  reflected  parallel  to  the  lens,  and  afibrd  much 
more  light  to  the  apparatus.  It  must  be  used  in  a  dark  rooxn ; 
and  the  lantern  must  emit  no  light  but  through  the  tube,  which, 
being  directed  to  a  white  skreen,  throws  the  magnified  image 
thereon. 

The  Phaniattnagoria. — Instead  of  opaque  images  painted  on 
transparent  slides,  transparent  images  are  sometimes  fixed  in 
opaqne  slides ;  or,  the  shape  of  an  object  is  merely  cut  out  in 
tin  slides,  when  the  rays  passing  through  the  hole,  only  a 
phantom  of  light  of  exactly  the  same  shape  as  the  hole,  is 
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thrown  upon  a  dark  skreen  or  exhibited  in  the  air.  On  the 
rapidity  with  which  the  slides  can  be  changed,  or  one  figure 
substituted  for  another,  depends  the  perfection  of  this  apparatus. 
It  is  generally  used  for  the  representation  of  ludicrous  objects; 
hut  may  be  applied  to  the  most  serious  and  sublime  subjects, 
even  that  of  representing  the  motions  of  the  heavenly  bodies. 

The  MuUipfying  Glass. — Should  a  plano-convex  lens  have 
different  facets  ground  at  equal  angles  on  the  convex  side,  the 
eye  at  the  focal  distance  on  the  piano  side,  looking  through  the 
lens  at  an  object  in  the  axis,  will  see  it  in  the  direction  of 
every  facet. 

The  Telegraph.  This  apparatus  is  contrived  for  making  sig- 
nals which  may  be  read  at  a  distance.  It  has  six  shutters, 
which  can  be  moved  with  ropes  like  bell  ropes ;  and  which  are 
marked  a,  b,  c,  d,  e,  f.  It  is  capable  of  making  64  signals,  re- 
presenting the  94 letters  of  the  alphabet;  the  10  digits  1, 2, 3,  &c. 
and  various  leading  words.  By  means  of  a  number  of  these  placed 
in  a  line  on  eminences  10  or  12  miles  asunder,  with  an  observer 
and  a  good  telescope  stationed  at  the  bottom  of  each,  intelli- 
gence can  be  conveyed  across  a  country  at  the  rate  of  100  miles 
in  five  minutes.  Of  course,  they  are  of  no  use  in  wet  or  misty 
weather. 
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Tioit  Exemplified.  7.  Thb  Present  State  of  the  Science.  8.  Uncom- 
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1.  CHEMISTRY  AND  ALCHEMY. 

Chemistry  is  the  science  which  teaches  the  iovestigation  of 
mattery  and  describes  its  physical  properties.  It  may  be  termed 
the  key  which  unlocks  the  secrets  of  nature,  enabling  us  to 
make  her  treasures  all  our  own.  It  is,  therefore,  both  on  ac- 
count of  the  wonders  it  displays,  and  its  general  utility  in  pro- 
moting all  the  conveniences  and  refinements  of  life,  (he  most 
fascinating  and  interesting  of  all  the  sciences.  In  short,  the 
nniTerse  may  be  considered  as  one  vast  alembic,  wherein  the 
whole  mass  of  matter  is  elaborated  by  the  two  electricities ; 
which,  having,  in  obedience  to  the  Almighty  Fiat,  already 
moulded  part  of  it  into  spheres,  are  still  under  the  guidance  of 
Infinite  Wisdom,  poising  and  impelling  these  spheres  in  their 
orbits,  and  exerting  a  peculiar  energy  on  all  their  component 
ingredients. 

Mankind,  having  by  long  observation  and  experience,  detected 
this  energy,  which  they  have  named  Chemical  Affinity,  can 
now  dissolve,  by  bringing  the  two  electricities  together,  the 
most  dense  and  tenacious  substances  in  nature.  Hence  they 
have  been  enabled  to  discover,  that  there  are  but  a  few  distinct 
ingredients  of  which  this  world,  or  at  least  the  tangible  part 
of  it,  is  composed.    When  this  important  truth  first  began  to 
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be  developed^  philosophers  supposed  that  eren  these  ing^redients 
might  be  still  farther  simplified,  or,  that  all  ponderable  matter 
might  consist  of  the  self-same  material.  This  gare  rise  to  a 
Tery  specious,  but  very  erroneous  idea ;  riz.  that  one  substance 
was  convertible  into  another : — hence  the  origin  of  the  science 
called  Alchemy,  whose  principal  object  was  to  transmute  base 
metals  into  gold,  and  to  discover  a  universal  medicine  that  would 
confer  immortality  on  the  frail  body  of  man. 

This  science  seems  to  have  originated  with  thd  Saracens,  and 
was  imported  into  this  country  by  the  crusaders ;  and  such  a 
rage  immediately  seized  the  philosophical  part  of  the  inhabi- 
tants of  Western  Europe,  along  with  the  revival  of  learning, 
that  it  became  a  nuisance  to  society,  and  a  law  was  passed  in 
£ngland,  in  the  reign  of  Henry  lY.,  making  it  felony  to  attempt 
the  transmutation  of  metals/  However  the  remedy  was  per- 
haps worse  than  the  disease ;  for,  though  the  science  mined 
some  of  its  cultivators,  and  enabled  others  to  thrive  by  their 
knavery  in  tricking  and  deluding  the  unwary,  it  nevertheless 
was  the  occasion  of  some  useful  discoveries  which  greatly  con- 
duced to  the  general  good.  Yet  it  was  a  real  hindnmce  to 
sound  philosophy ;  for,  chemistry,  or  the  true  method  of  inves- 
tigating nature,  made  no  great  progress  till  this  delusive  science 
was  abandoned.  Nor  indeed  was  it  likely,  that  a  man  should 
devote  his  attention  to  the  examination  of  substances  from  which 
he  had  no  prospect  of  immediate  advantage ;  so  long  as  he  im- 
agined that  a  secret  was  within  his  reach,  which  would  instantly- 
lay  all  the  wealth  and  grandeur  of  the  world  at  his  feet;  and 
confer  upon  himself  an  endless  life  for  the  enjoyment  of  it. 
.  Sir  Robert  Boyle,  being  aware  of  the  absurdity  of  the  above 
law,  got  it  repealed,  yet  it  appears  that  he  did  not  believe  tfana- 
mutation  impossible.  Indeed,  to  this  present  day,  thoogk 
practice  renders  it  altogether  improbable  that  it  will  ever  be 
accomplished;  yet,  theory  by  no  means  declares  it  impossible. 
However  in  his  day  mankind  generally  considered  the  alche- 
mists as  professing  an  **  art  without  principles,  the  beginning  of 
which  was  deceit,  the  progress  dehisioB,  aad  the  end  porerty;'' 


*  It  b  said  that  the  moUve  which  led  to  the  pas^ng  of  this  law,  was, — least 
the  predont  metals  ahonld  be  lo  multiplied  as  to  lose  thdr  value  and  cease  to 
answer  the  purposes  of  commerce ;  or,  that  tiie  alchemistB  ihoold  by  their 
wealth^vertom  the  government. 
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hence  the  eyU  at  that  time  only  affected  themselves.  In  his  day 
chemistry  was  instituted  upon  rational  principles,  since  which 
time  it  has  made  r&pid  advances.  Among  its  most  successful 
cultivators  in  Britain,  are,  besides  himself,  Dr.  Priestly,  Pro- 
fessor Black,  Lord  G.  Cavendish,  and  Bishop  Watson;  but  no 
one  has  made  so  many  or  such  grand  discoveries  in  this  science 
as  Sir  H.  Davy. 

2.  TRANSFORMATION  OF  MATTER. 

Almost  every  substance  we  see  is  a  composition  of  different 
ingredients,  called  the  elementary  principles;  but  by  chemical 
operations,  the  mass  may  be  dissolved  and  the  ingredients  sepa* 
rated : — this  process  is  called  decompontum. 

The  operation  of  collecting  the  homogeneous  ingredients,  of 
ascertaining  the  quantity  of  each  kind,  and  of  detecting  the 
peculiar  laws  by  which  they  are  combined  in  the  substance 
under  examination,  is  called  andUzing  or  ona/y^tca/ investigation. 

Sometimes  when  a  substance  has  been  examined  analytically 
a  chemist  will  examine  or  prove  it  by  gtfnthesig;  that  is,  he  will 
take  all  the  ingredients,  or  equal  quantities  of  the  self-same 
kind,  and  compound  them  according  to  the  law;  and  if  he  pro- 
duce that  substance, — it  is  said  to  be  proved  by  analysis  and 
synthesis,  and  the  result  is  then  admitted  as  a  scientific  truth. 

When  a  chemist  has  analyzed  a  substance,  he  has  then  ob* 
tained  two  or  more  different  ingredients ;  which,  in  the  present 
state  of  the  science,  cannot  be  farther  decomposed : — these  he 
calls  elements,  principles,  or  simple  substances.  The  particles 
composing  them  are  called  the  original  particles  ;  which  in  some 
cases,  as  in  most  of  the  metals,  he  can  obtain  in  a  solid  mass ; 
but  in  others,  only  as  gas,  and  sometimes  only  in  combina- 
tion with  one  of  the  other  elements. 

He  can  describe  the  aggregate  mass  of  these  original  partii- 
cles,  but  can  give  no  account  of  their  form  or  magnitude  indivi- 
dually. The  nearest  approximation  is  to  say  something  by  way 
of  illustration.  Dr.  Keill  computed,  that  the  magnitude  of 
a  particle  of  assafoetida  flying  off  in  odour,  is  no  more  than  the 
98  triilionth  part  of  a  cubic  inch.  And  Leeweahoeck  says,  that 
there  are  more  animals  in  the  milt  of  a  cod  fish,  than  there  are 
men  on  the  whole  earth;  that  a  single  grain  of  sand  is  larger 
than  four  million  of  those  creatures;  that  each  of  them  has 
limbs,  joints,  sinews,  lungs,  arteries  and  veins,  as  perfectly  and 
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as  distinctly  formed  as  the  largest  animals,  with  a  circnlaticm 
of  blood;  and  that  he  found  by  calculation ,  a  particle  of  this 
blood  to  be  as  much  smaller  than  a  globe  of  one  tenth  of  an  inch 
diameter,  as  such  a  globe  is  smaller  than  the  whole  earth. 

As  small  as  these  particles  of  blood  or  assafoetida  may  be,  they 
are,  notwithstanding,  compounded  of  two  or  more  elementary 
substances ;  nor  do  we  suppose  that  they  are  composed  of  origi- 
nal particles,  which  differ  in  size  and  other  circumstances  from 
such  of  their  own  kind  as  constitute  the  general  mass  of  matter, 
whether  we  take  an  elephant  an  oak  or  a  mountain ;  and  there- 
fore when  the  student  of  nature  is  informed,  that  all  chemical 
operations  are  effected  by  these  original  particles  assuming  a 
new  arrangement,  he  will  have  some  idea  of  what  is  meant. 

From  the  inconceivable  smallness  of  the  particles  of  which 
matter  is  composed,  we  may  easily  imagine,  that  there  may  be 
combinations  so  subtile  as  to  elude  the  most  rigid  scrutiny  of 
all  our  senses,  aided  by  all  the  artificial  means  we  can  use.  But 
whatever  form  matter  may  assume,  chemistry  has  taught  us 
that  it  cannot  be  annihilated,  nor  can  its  elementary  principles 
be  changed : — for,  however  we  may  conceal  or  disguise  any  one 
element  by  combining  it  with  others,  it  may  again  be  separated 
without  either  loss  of  weight  or  any  change  of  quality.  It  was 
said  of  old  that  the  Almighty,  when  he  made  the  world,  weighed 
the  mountains  and  measured  out  the  waters, — and  the  exact 
quantity  is  here  still.  There  may  be  less  or  more  of  water ; 
but  if  less,  the  ingredients  have  only  assumed  another  form. 
For  the  elements  of  water  exist  in  almost  every  substance  in 
nature,  and  form  a  material  part  in  all  plants ;  and,  therefore, 
when  these  are  decomposed,  whether  by  fire  or  any  other  means, 
the  water  is  at  length  restored,  though  mostly  in  such  a  state  of 
rarefaction  as  to  elude  observation.  It  nevertheless  ascends 
into  the  atmosphere  and  returns  to  the  earth  in  rain ;  and  the 
other  parts  of  the  decomposing  substance,  either,  assume  the 
gaseous  form,  blend  with  the  atmospheric  air,  and  are  thence 
absorbed  by  the  leaves,  and  become  the  food  of  other  vegetables; 
or,  the  grosser  parts  mingle  with  the  soil,  and  are  thence  taken 
up  by  the  roots  of  plants,  so  that  they  die  but  to  give  birth  to 
others,  and  something  always  gathers  up  the  fragments  that 
nothing  is  lost. 
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3.  THE  BLBMBNTS. 

Thb  ancient  philosophers  imagined  that  all  matter  might  be 
reduced  to  four  simple  substances^  yiz.  fire,  air,  earth  and  water. 
These  they  call  their  four  elements,  supposing  them  incapable 
of  decomposition.  But  the  modems,  guided  by  principles 
deduced  from  experiments,  have  found,  that  fire  is  a  mere  act 
of  combination  of  the  two  electricities,  or  a  certain  play  of  che- 
mical aflSnity ;  that  air  is  a  heterogeneous  and  decompoundable 
mass ;  that  the  many  and  various  substances,  they  included 
under  the  general  term  earth,  have  all  been  reduced  to  homo- 
geneous masses,  or  to  what  are  at  present  considered  as  ele- 
ments ;  and  that  water  is  a  compound  of  the  two  elementary 
principles  hydrogen  and  oxygen.  The  elements,  therefore,  in- 
stead of  being  only  4,  are  now  found  to  include  61  simple  or  in- 
decompoundable  substances.  Of  these  40  are  metals ;  and  the 
remaining  11  are  named  as  follows : — oxygen,  chlorine,  and 
iodine.  Hydrogen,  nitrogen  or  azote,  boron,  carbon,  sulphur, 
phosphorus,  fluorine,  and  selenium. 

Chemistry  knows  of  no  such  thing  as  lifeless  matter.  The 
most  inert  clod  we  see,  contains  an  active  inherent  principle, 
that  causes  it,  when  presented  to  certain  other  aubstances,  to 
assume  a  new  form  and  display  new  qualities.  Nor  can  a  sub- 
stance by  any  art  be  deprived  of  this  principle;  though  in  many 
cases,  and  always  when  a  substance  enters  into  combination  or 
a  closer  union  with  an  other  substance,  a  certain  proportion  is 
liberated;  and  is  known  by  the  term  caloric  or  light  and  heat. 

But  this  principle,  which  is,  as  it  were,  the  life  of  matter,  is 
sometimes  found  uncombined  or  pervading  the  surfaces  of 
different  substances  for  which  it  shews  a  predilection : — it  is 
then  known  by  the  term  electricUy. 

There  are  two  kinds  of  electricity,  called  the  negative  and  the 
positive.  The  negative  is  the  inherent  principle  of  activity  in 
oxygen,  chlorine  and  iodine ;  and  these  are  sometimes  cidled 
the  supporters  of  combustion.  Nitrogen  is  supposed  to  be  a 
compound  substance;  and  displays  affinities  partaking  of  the 
nature  of  both,  though  its  distinguishing  characteristic,  is,  its 
neutrality.  All  the  other  substances,  including  the  metab,  are 
the  storehouses  of  the  positive  electricity,  and  are  called  com- 
bustible substances ;  except  fluorine,  the  nature  of  which  is  not 
satisfactorily  ascertained. 
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4«  BLECTBICITT. 

To  Sir  S.  Davy  we  are  iadebled  lor  Urn  discorery  of  the 
real  Batnre  of  electricity ;  and  i  ueh  a  discovery  it  if,  that,  when 
the  prejudices  of  the  present  a^e  shall  have  passed  away,  the 
name  of  Davy  will  be  as  renowned  in  chemistry  as  that  of 
Newton  is  in  astronomy.  Previously  to  his  deoompositioA  of 
^b%  alkalies^  potas  and  soda,  with  the  large  galvanic  apparatos 
of  the  Snrry  Institntion,  this  science  was  but  a  mere  register  of 
some  of  the  habitudes  of  the  electric  fluids,  and  was  puraned 
widiout  any  theory  or  knowledge  of  their  real  nature.  It  was 
then  (in  England)  generally  supposed  that  there  is  but  one 
electric  fluid,  which  is  that  now  called  the  positive ;  and  tiiat 
all  bodies  contained  a  certain  portion  of  it,  which  was  considered 
as  their  natural  share.  .  But  when  a  body  was  charged  with 
more  thui  this  specific  quantity,  it  was  then  said  to  be  positively 
electrified ;  and  when  it  contained  less,  it  was  then  considered 
as  negatively  affected : — hence  the  terms  potkive  and  ne^Foftoe 
electricity.  The  science  therefore  treated  of  only  what  we 
shall  for  the  sake  of  distinction  call  uncombined  electricity.  See 
sec.  8. 

But  the  discoveries  of  this  illustrious  philosopher  prove,  that 
there  are  two  electric  fluids;  so  that  when  a  body  was  in  such  a 
state  that  they  pronounced  it  negatively  electrified,  or  as  poa> 
sessing  less  than  its  natural  quantity  it  was  in  reality  charged 
with  the  fluid  called  the  negative.  But  this  is  the  least  part  of 
the  discovery.  He  has  established  the  hct^  that  the  electric 
fluids  are  identical  with  the  cause  of  chemical  affinity.*  That 
one  of  them  is  inherent  in  the  one  class  of  the  elements ;  and 
the  other  in  the  other  class;  and  that  whenever  these  elements 
charged  with  the  opposite  fluids,  are,  under  certain  circmnr 
atances  brought  together,  chemical  combination  takes  place; 
the  original  particles  of  the  one  uniting  with  those  of  the  other; 


•  «  This  ^ew  of  the  poBsibility  of  the  dependance  of  electrical  and  diemleal 
actSon  upon  the  same  caive,  has  been  much  mlfirepreaented.  It  haa  been  8np» 
poaed  that  the  idea  was  entertained,  that  chemical  changes  ware  occaskMMd  bf 
deotrical  changes,  than  which  nothing  is  fitfther  from  the  hypothesis,  which  I 
have  ventored  to  advance.  They  are  conceived,  on  the  contrary,  to  be  distinct 
phenomena,  but  produced  by  the  tame  power,  acting  in  one  case  on  masses,  and 
in  the  other  case  on  particks."  See  Elements  of  Chemicat  Philosophy,  page  105, 
by»rH.  Davy,LiL.D. 
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purticle  to  particle  forming  a  neW  substance  with  all  its  demon- 
strable properties  distinct  from  either  of  the  two.  But  this 
union  is  oidy  effected  by  each  parting  with  a  certain  definite 
proportion  of  the  electric  fluid ;  so  that  it  is  the  violent  ten- 
dencjy  which  these  two  fluids  have  to  unite,  that  is  the  cause  of 
attraction.  A  portion  of  the  electric  principle  always  remains 
with  the  matter,  (or  it  would  perhaps  be  as  proper  to  say,  that 
matter  and  the  electric  fluids  are  of  indivisible  essence),  which 
retaining  its  attraction  for  the  other  fluid,  constitute  the  cause 
of  the  original  particles  combining  so  very  closely.  The  definite 
proportions  of  each  fluid,  thus  given  out,  by  combining,  form 
caloric.  Should  the  new  substance  have  a  great  capacity  for 
oaloric,  it  becomes  latent ;  if  not,  it  escapes  as  heat  So  that 
fire,  or  combustion  is  neither  more  nor  less  than  an  example  of 
ehemical  combination.  It  is  an  established  law  that  v^hen  two 
sobstanoes  combine,  they  condense ;  often  passing  from  a  gase- 
ous to  a  liquid  state,  or  from  a  liquid  to  a  solid.  Heat  is  like- 
wise invariably  produced;  though  sometimes  solids  combine 
and  form  liquids,  when  cold  is  the  result : — the  liquid  requiring 
more  caloric  for  its  fluidity  than  the  combination  generates. 

Electricity,  then,  existing  as  the  cause  of  chemical  affinity,  is 
inherent  in  all  substances ;  and  is  as  much  an  essential  ingre- 
dient as  any  of  the  ponderable  material : — for  this  reason  we 
shall  call  it  combined  electricity.  Hence,  we  have  two  kinds 
of  electricity  ;  the  potitive  and  the  negative;  and  they  exist  in 
two  states,  combined  and  uncanMned,  and  perform  very  different 
offices  in  the  economy  of  nature.  Combined  electricity  is  the 
cause  of  chemical  affijiity,  as  it  relates  to  the  use  that  man 
makes  of  it  in  common  culinary  purposes  and  chemical  opera- 
tions. It  is,  besides,  the  cause  of  all  the  natural  changes  in  the 
mineral,  vegetable,  and  animal  kingdoms;  and  is  also  what  gives 
motion  to  the  heavenly  bodies.  Uncombined  electricity  is  the 
cause  of  thunder  and  lightning,  earthquakes,  hurricanes,  many 
of  the  winds,  with  a  variety  of  minor  phenomena,  all  of  which 
will  be  explained  in  the  following  pages. 

6.  DEFINITE  PROPORTION. 

>    The  two  electric  fluids  seem  always  to  join  in  unvaried  pro-  . 
portions  to  form  caloric ;  but  as  their  presence  adds  nothing  to 
the  weight  of  any  body,  and  as  we  cannot  confine  them,  so  as  to 
ascertain  their  quantity  by  measure,  we  have  no  means  of  as* 
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oertaining  what  the  calorific  propcn^tion  is.  However^  this  inva- 
riable proportion  is  a  rery  important  law  in  chemistry  from 
which  we  infer^  that  equal  quantities  of  each  of  the  elementary 
substances  are  always  joined  with  the  same  quantity  of  its 
respective  electric  fluids  providing  they  are  either  unoombined 
or  in  the  same  combination ;  and  that  equal  quantities  by  weight 
of  the  different  elements,  have  very  different  quantities  of  the 
respective  inherent  electric  fluid.  Thus :  oxygen  and  chlorine 
are  both  vehicles  of  the  negative  electric  fluid,  but  if  we  take 
equal  weights,  6xygen  will  combine  with  or  saturate  ^bove  four 
times  as  much  of  one  of  the  other  simple  substances,  con- 
taining the  positive  fluid,  as  chlorine  will.  And  hydrogen  will 
saturate  more  than  double  the  quantity  of  oxygen  that  carbon 
will ;  and  carbon  more  than  any  of  the  rest.  Hence,  wherever 
chemical  combination  takes  place,  certain  definite  proportions 
of  the  elements  unite ;  nor  eui  Uiey  by  any  means  be  made  to 
unite  in  any  other  proportion.  And  when  we  have  a  Oompotoid 
substance  knowing  the  weight  and  the  component  elements^  we 
can  always  determine '  Ihe  exact  quantity  of  each.  It  is  the 
same  both  in  simple  Itnd  compound  substances ;  so  that  when 
different  ingredients,  whether  simple  or  compound,  are  to  be 
united,  a  chemist  knows  what  portion  of  each  is  necessary  to 
form  any  quantity  of  the  new  substance^  Tbb  law  is  now  so 
well  known,  that  numbers,  according  to  the  following  table,  are 
made  use  of  to  represent  the  prc^ortions  in  which  each  element 
will  unite  with  the  other  elements  possessing  the  opposite  ebK>> 
tricity. 


Oxygen 

Chlorine 

15 
67 

Hydrogen 

Carbon 

Phosphorus 

Nitrogen 

Sulphur 

1* 
11-8 
20- 
26- 
30- 

Zinc 

B6 

Copper 

120 

PoiaSsiiim 

75 

Barium 

ido 

Soditmi 

m 

Bismuth 

196 

Arsenic 

09 

Antimony 

170 

Iron 

103 

Silver 

206 

Tin 

no 

Mercury 

380 

Nickel 

ill 

Lead 

398 

To  exemplify  the  above  table j-— e^bh  number  is  <}aUdd  a  pro- 
portion. Should  we  wish  to  combine  oxygen  with  any  of  the 
other,  they  will  only  combine,  eith^i"  according  to  these  pro- 
portions, multiples,  or  fractional  parts  of  them.  Suppose  the 
^irbportion  representing  oxygen  is  15  lbs.;  then,  that  of  hy- 
drogen will  be  1  lb.  Now  one  prDpbrtit>n  of  otygeb  combines 
with  tw6  of  hydrogen;  or  21bs.  weight  of  hydrogen  gas  contailtt, 
of  will  part  with  as  much  positive  ele<^trieity  as  require)^  (ot  Oib 
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fomuttion  of  caloric,  the  negative  electricity  contained  in,  or  is 
separable  from  15  lbs.  of  oxygen  gas.  Therefore,  should  the 
tvo  gases  come  together  in  this  proportion,  and  be  strongly 
compressed,  fired,  or  have  an  electric  spark  passed  through 
them,  they  will  combine.  The  two  electricities  will  form  caloric, 
which  is  seen  in  a  flash  of  fire,  and  the  two  ponderable  elements 
Condense  into  wmter;  so  that,  every  17  lbs.  of  water  contain 
15lbs.  of  oxygen  and  2  lbs.  of  hydrogen. 

We  consider,  then,  the  above  mixture  as  containing  the  largest 
quantity  of  the  electric  fluids,  with  the  least  quantity  of  pon- 
derable matter;  and  the  two  fluids  as  being  in  the  calorific  pro- 
portion :  consequently,  having  a  bladder  filled  with  it,  should 
a  little  be  permitted  to  escape  through  a  very  stnall  orifice,  upon 
the  flame  of  a  lamp  or  piece  of  ignited  charcoal,  it  wiU  produce 
the  moi^  intense  heat  known.  This  apparatus  is  called  the  BUno^ 
fipe.  Though  to  prevent  accidents  from  explosion  in  chemical 
experiments,  a  somewhat  different  contrivance- is  made  use  of; 
such  as  having  eaeh  gass  in  a  separate  bladder,  or  mixed  in  the 
proportion  of  2 lbs.  oxygen  to  I  lb.  hydrogen,  the  other  oxygen 
being  obtained  fircm  the  atmosphere ;  and  in  all  cases,  except  by 
experienced  chemists,  it  is  advisable  for  the  sake  of  preventing 
acoidtfnts,  to  use  bladders. 

Skould  the  two  gases  be  mixed  together  in  any  other  propor- 
tion than  the  aqueous,  they  either  utterly  refuse  to  combine, 
or  if  they  do  combine,  it  is  only  according  to  the  above  propor- 
tioo;  and  the  excess,  on  which  ever  side,  remains  as  gas. 

But  although  oxygen  has  only  one  combination  with  hydro- 
gen, it  has  several  with  some  of  the  other  simple  substances. 
That  is,  a  proportion  of  each  will  combine  under  certain  circum- 
stances and  form  one  substance ;  again,  that  substance  under 
certain  o4her  circumstances  will  combine  with  another  portion 
of  oxygen,  but  it  will  be  either  the  same  proportion,  a  multiple 
of  it,  or  a  fractional  part.  Thus :  oxygen  has  two  combinationi 
wHh  carbon.  The  first,  is  one  oxygen  to  one  carbon ;  which 
■ubstanceis  called  carbonic  oxide.  The  second,  two  oxygen  to 
ofle  oarbony  which « is  xarbonic  acid;  do  that  with' i  1*6 lbs.  of 
carbon  we  ^  can  obtain  26'6lbs,.  of  the  former  vubfttance,  and 
41-6lbs^  of  the  latter. 

With  lead  oxygen  has  three  combinations,  as  follows:^ 
Yel.  oxide,  2  oxygen  to  1  lead;  or 30 lbs.  oxygen  to  398 lbs.  lead. 
Red   do.     3  do.         to  1  do.     or  45lb6.  do.         to  39Blbs.  do. 
Puce  do.     4  do.         to  1  do.     or  60  lbs.  do.         to  398  lbs.  do. 
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The  numbers  representing  the  compoonds  are  found  by  add- 
ing each  number  of  the  bases  to  that  of  the  oxygen.  Thus :  water 
consists  of  1  oxygen  or  15,  and  2  hydrogen,  making  l7  the  num- 
ber in  which  water  combines.  Nor  will  it  combine  in  any  other 
quantity  than  17,  or  some  multiple  of  it  as  34,  51,  68,  &c.  The 
number  in  which  potas  combines  is  90: — because  potassium  and 
oxygen  each  combine  in  one  proportion  for  its  formation;  that 
is,  15  oxygen  and  75  potassium  are  equal  to  90.  ''A  great  part 
of  the  phenomena  of  chemistry  ^  says  Sir  H.  Davy  "  may  be 
submitted  to  calculation ;  and  there  is  great  reason  to  believe, 
that  at  no  very  distant  period,  the  whole  science  will  be  capa- 
ble of  elucidation  by  mathematical  principles." 

It  was  said  by  the  philosophers  of  old,  respecting  the  rising 
of  water  in  the  con^mon  pump,  that  nature  disdained  a  vacuum: 
how  much  more  reason  have  we  to  say,  that  she  disdains  to  work 
without  the  strictest,  even  the  most  correct  mathematical  rules; 
and  that  she  most  sedulously  guards  against  the  very  possibility 
of  her  productions  being  either  crude  or  monstrous! 

r 
6.   COMBINATION  EXEMPLIFIED. 

Chemists  enumerate  three  modes  of  combination  as  taking 
place  among  compound  substances;  which  are  distinguished  by 
the  terms,  simple,  compound,  and  disposing  attraction. 

Simple  attraction,  is,  when  two  substances  unite  merely  by 
their  mutual  affinity ;  as  when  a  little  nitric  acid  (aqua-fortls)  is 
added  to  muriate  of  soda,  (common  table  salt),  the  nitric  acid  will 
unite  wi^h  the  soda;  and,  if  heat  be  added,  the  muriatic  acid 
will  evaporate,  and  nitrate  of  soda  will  remain. 

Compound  affinity,  is,  when  two  or  more  compound  sub- 
stances will  mutually  decompose  each  other,  and  form  two  or 
more  new  compounds ;  as  when  nitric  acid,  sulphate  of  ammo- 
nia, and  nitrate  of  potas  are  added  together,  two  new  subsunces 
viz.  sulphate  of  potas  and  nitrate  of  ammonia,  are  formed.  When 
nitrate  of  lime  and  sulphate  of  magnesia,  (Epsom  salts),  are 
dissolved  in  water  and  mixed  together,  the  lime  will  quit  the 
nitric  acid  to  unite  with  the  sulphuric  acid,  and  the  magneaia 
will  leave  the  sulphuric  acid  to  join  with  the  nitric  acid ;  the 
nitrate  of  magnesia  will  remain  in  solution,  but  the  sulphate  of 
lime  will  be  precipitated  as  a  white  powder. 

Disposing  attraction,  is,  when  two  substances  will  not  com- 
bine till  a  third  be  added :  thus,  should  a  little  concentrated 
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snlphiiric  acid  be  poured  upon  iron^  no  action  will  ensue ;  bat 
if  a  little  water  be  added,  a  chemical  combination  takes  place, 
and  sulphate  of  iron  (copperas)  is  formed. 

Besides  these,  elective  attraction  is  sometimes  spoken  of;  as 
when  one  substance  will  unite  with  another  in  preference  to 
certain  others  that  may  be  presented  at  the  same  time,  for  whicK 
it  has  also  an  affinity.  If  a  few  particles  of  common  table  salt 
be  put  into  a  glass  of  water,  they  will  dissolve;  and  the  water, 
having  a  strong  affinity  for  the  salt,  will  blend  it  regularly 
throughout  its  mass — but  should  a  little  alcohol  be  added  for 
which  water  has  a  greater  affinity,  the  water  will  quit  the  salt  to 
combine  with  the  alcohol.  The  salt  is  now  thrown  down  to  the 
bottom  of  the  glass;  and  in  this  manner  may  the  ingredients  of 
sea  water  be  separated,  and  the  composition  of  a  variety  of  sub- 
stances ascertained : —  the  process  is  called  precipitation. 

The  excess  of  attractive  power,  that  destroys  the  combina- 
tion, is  called  the  diveUent  power;  and  this  kind  of  affinity  is 
sometimes  distinguished  by  the  term,  diveUent 

All  these  modes  of  combination,  in  compound  substances, 
are  nothing  more  than  this,  viz.  in  the  first  combinations  the 
elements  had  not  parted  with  the  whole  of  the  electric  fluids, 
that  they  are  capable  of  parting  with ;  and  every  fresh  substance 
that  is  presented,  containing  the  opposite  fluid,  will  extract  a 
portion  from  them;  so  that,  with  some  substances,  we  may  go 
on  step  by  step  till  we  arrive  at  a  combination  that  no  known 
substance  will  detach. — For  instance,  the  metallic  oxides  will 
detach  sulphuric  acid  from  water:  alumina  will  detach  it  from 
the  metallic  oxides;  and  ammonia  again  will  detach  it  from 
alumina,  magnesia  from  ammonia,  then  lime,  soda,  potas,  stron- 
tites,  and  barytes  Will  all  successively  detach  each  other;  so 
that,  at  last  we  have  sulphate  of  barytes. 

The  calorific  proportion  in  this  process  may  be  thus  stated. 
Sulphuric  acid  is  composed  of  oxygen  and  sulphur,  and  there- 
fore contains  a  portion  of  both  the  electric  fluids;  also,  the 
water,  and  all  the  other  substances,  are  compounded  of  the 
negative  and  positive  elements ;  and  in  like  manner  contain  a 
portion  of  each  fluid.  Now  suppose,  the  sulphuric  acid,  before 
it  combines  with  the  water,  contains  10  doses  of  the  electric 
fluids ;  the  water  and  all  the  other  substances  must  likewise  be 
supposed  to  contain  10  doses,  each.  When  the  sulphuric  acid 
and  water  combine,  they  may  be  supposed  to  each  lose  one 
dose,  which  consequently  form  one  portion  of  caloric,  that 


Digitized  by  VjOOQIC 


214  ELECTR0-CH£MI8TRT« 

eacspes.  Bat  when  the  acid  is  detached  from  the  water,  hy  the 
metallic  oxide,  the  water  is  restored  as  water ;  and  will  require 
its  one  dose  of  electric  fluids  back  again.  In  this  case  we  must 
either  suppose  it  supplied  from  the  caloric  of  the  new  combina- 
tion ;  or  what  is  more  likely,  that  the  oxide  parts  w4th  two 
doses,  one  of  which  is  taken  up  by  the  water,  and  the  other 
combines  with  one  dose  from  the  sulphuric  acid  to  form  another 
portion  of  caloric.  1  he  alamina  will  therefore  part  with  three 
doses;  and  lastly  the  barytes  with  ten,  nine  of  which  will  unite 
with  strontites,  and  one  with  the  last  disposable  dose  of  the  acid 
for  caloric.  Should  pure  sulphuric  acid  and  barytes  be  origi- 
nally combined,  the  whole  of  the  ten  doses  of  each  will  form 
caloric;  whereas,  in  the  above  case,  Uxere  was  only  one  dose; 
the  proportion  of  the  caloric  in  the  two  cases  would  therefore, 
be  as  ten  to  one;  hence,  the  combination  of  simple  substances 
generally  produces  a  much  higher  temperature  than  the  union  of 
compounds. 

As  caloric  is  produced  by  all  these  combinations,  its  presence 
must  have  a  very  material  effect :  consequently  we  $nd  that  a 
certain  degree  of  heat  hastens  all  combinations*  In  short  some 
substances,  that  have  the  greatest  affinity  for  oxygCjU,  as  carbon, 
wUl  not  combine  in  the  smallest  degree  without  a  very  high 
temperature ;  so  that,  charcoal  and  even  common  pit  coal,  com- 
posed of  hydrogen  and  carbon,  will  continue  thousands  of  yean 
exposed  to  the  air  without  alteration.  But  as  soon  as  they  are 
heated  to  a  temperature  of  800  degrees,  they  unitet  most  rapidly, 
as  our  conunon  coal  fires  daily  prove. 

But,  on  the  contrary,  all  compound  substances  may  be  decom- 
posed by  heat  For  when  the  concentrated  caloric  is  greater 
than  that  produced  by  the  combination^  attraction  is  overcome, 
and  is  made  obedient  to  the  repulsive  laws  of  caloric — each 
element  combining  with  ite  full  quantity  of  inherent  electric 
fluid.  For  instance,  oxygen  gas  contained  in  the  atmospheric 
air,  has  no  effect  upon  mercury  till  it  is  heated  to  600  degrees, 
when  they  combine  and  form  red  oxide  of  mercurjr. .  Again,  if 
this  red  oxide  be  submitted  to  a  temperature  of  1000  degreea, 
the  oxygen  is  dispersed  as  gas,  and  the  meronr)  is  restorod  to 
its  pore  metallic  state.    See  Combustion*  . 
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7.  THE  PRESENT  STATE  OP  THE  SCIENCE. 

'Though  chemistry  may  justly  boast  of  its  late  very  rapid 
progress,  it  by  no  means  pretends  to  hare  arrived  at  its  nltima- 
tmn.  Every  new  grade  of  improvement  but  shows  that  i^  great 
deal  more  is  yet  to  be  done.  With  respect  to  what  are  now 
called  the  simple  substances,  it  is  far  from  affirming  that  they 
arein  reality  such ;  bat  only  that  they  must  be  coiisidered  as  such 
till  some  new  mode  is^  discovered  of  farther  decomposing  them. 
In  short,  there  are  only  two  thai  can  be  properly  looked  upon 
as  partaking  of  an  elementary  nature,  viz.  hydrogen  and  oxygen. 
Indeed  there  is  sufficient  reason  for  considering  all  the  rest  as 
eempound  substances. 

An  element  is  such  a  substance  as  is  combined  with  but  one 
-electrio  fluid;  and  since  the  nature  of  each  fluid  is  highly  repul- 
sive of  itself,  the  particles  of  that  substande  when  obtained  alone 
must  partake  of  the  same  nature,  and  be  repulsive.  Now 
hydrogen  and  oxygen  exactly  answer  to  thi^  description,  for 
when  obtained  alone  they  are  as  gas  i  that  is,  their  •  particles 
will  not  come  near  each  other,  but  have  a  continual  tendency 
to  disperse; — hence  the  elasticity  of  gaseous  bodies  as  exempli- 
fied in  the  expansive  force  of  atmospheric  air.  But  most  of 
the  other  substances,  at  present  called  simple,  instead  of  their 
particles  being  repulsive  at  common  tethperatures,  are  found  to 
eonstitute  the  most  dense  and  tenacio^  of  all  bodies;  as  dia- 
mond, which  is  supposed  to  be  pure  carbon^  and  gold  and  plar 
lina  among  the  metals. 

Now  as  hydrogen  enters  into  combination  in  quantity  very 
much  smaller  than  any  other  substance ;  and  its  -particles  are 
lughly  repulsive  of  each,  otiier,  so  much  so,  that  its  gas  weighs 
Ik  gr^at  deal  less  than  any  odier  gaseous  or  known  substance, 
ev«n  13  or  18  times  less  than  oxygen  gas,  it  has  the  first  clium 
te  be  considered  as  an  elementary  substance*  8ir«  H»  Pavy 
saj^,  there  is  a  probability  that  this  element^  combined  in 
difftreni  proportions  with  some  unknown  ponderable  base, 
may  constitute  all  the  other  solid  substances  which  we  consider 
as  die  storehouse  of  the  positive  electricity.  On  this  hypothe- 
•isy  those. metals  which  are  the  most  infiammable^  that,  is«  the 
most  inclined  to  combine  with  oxygen,  and  do  combine  i^ith 
the  greatest  quantity,  must  have  the  greatest  proportion  of 
hydrogen  to  t^  unknown  base ;  so  that  the  hydrogen  will  be 
tbe  least  sttrueted  by>  w  less  closely  united  with  that  base* 
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It  also  will  hare  parted  with  fewer  proportions  of  the  inherent 
electnc  fluid ;  and  its  particles  will  retain  the  more  of  their  re- 
pulsive nature,  and  will  not  be  so  near  to  each  other  in  the  mass, 
(for  philosophy  does  not  admit  of  the  absolute  contact  of  parti- 
cles in  any  mass),  consequently  such  metals  must  have  the 
least  specific  gravity,  which  we  accordingly  find  to  be  the  case. 
On  the  contrary,  platina,  which  has  the  greatest  specific  gravity  ' 
of  all  the  metals,  and  on  this  hypothesis  must  contain  the  least 
hydrogen — ^has  of  all  the  metals  the  greatest  affinty  for  that  sub^ 
stance.  This  may  be  proved  by  inclosing  a  little  of  the  metal 
reduced  to  a  very  fine  powder,  and  exposed  to  a  stream  of  hy- 
drogen gas,  mixed  with  atmospheric  air,  in  a  tube,  when  it  be- 
comes intensely  hot,  and  exhibits  a  most  violent  chemical 
action. 

The  probable  proportions  in  which  this  unknown  base  and 
hydrogen  may  exist,  he  states  as  follows. 
Nitrogen 
Charcoal 
Phosphorus 
Sulphur 
Potassium 
Sodium 
Tin 

Silver  \ 

On  the  same  principle,  he  supposes  chlorine  to  be  a  com- 
pound of  four  parts  oxygen,  to  one  of  an  unknown  base : — 
though  probability  is  less  in  its  favour  than  in  that  of  the 
above. 

As  to  this  unknown  base  of  the  inflammable  substances  it  must 
be  considered  as  a  vehicle  of  the  negative  electric  fluid;  bat 
whether  there  is  but  one  or  more  no  analogy,  perhaps,  can  war- 
rant us  to  hazard  an  opinion;  so  that,  what  the  real  number  of 
elementary  substances  may  be,  chemistry  is  as  far  from  know- 
ing as  ever.  **  Matter  '^  says  this  illustrious  philosopher  **  may 
ultimately  be  found  the  same  in  essence,  difienng  only  in  the 
arrangement  of  its  particles:  or,  two  or  three  simple  substances 
may  produce  all  the  varieties  of  compound  bodies.''  But  should 
all  matter  ultimately  be  found  the  same  material,  *^  a  speculation 
sanctionedby  the  authority  of  Hooke,  Newton,  and  Bosoovich,'' 
united  with  different  portions  of  the  two  inherent  electric  fluids, 
the  science  of  chemistry  is  at  present  established  on  such  prin- 
ciplesy  that  these  farther  advances  would  make  no  material 
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alteration  in  it.  The  definite  proportions  would  still  remain  the 
same ;  and  the  only  change  would  be,  those  substances,  which 
are  now  considered  primary  elements  would  then  be  but  se- 
condaries. '*The  result  of  our  operations  must,  therefore,  be 
considered  as  offering,  at  best,  approximations  only  to  the  true 
knowledge  of  things,  and  should  never  be  exalted  as  a  standard 
'  to  estimate  the  resources  of  nature". 

However  these  things  may  ultimately  prove,  a  consideration 
of  the  subject  enables  us  to  behold  llie  infinitude  of  that  skill 
displayed  in  the  works  of  nature;  and  leads  us  to  contemplate 
the  consummate  wisdom  evinced  in  each  contrivance.  If  we 
recollect  the  few  materials  made  use  of  to  build  the  stately  and 
beautifol  fabric  of  the  creation,  and  the  accuracy  with  which 
they  are  combined  in  each  production;  and,  then,  turn  our  eyea 
to  the  most  perfect  or  stupendous  works  performed  by  the  most 
successful  efforts  of  man, — the  bare  idea  imparted  by  the  con* 
trast,  tends  to  annihilate  every  proud  imagination,  and  to  di^ 
vest  our  minds  of  all  self-conceit,  even  to  the  simplicity  of  a 
child;  rather  than  to  make  us  dare  to  raise  our  scrutinizing 
thoughts  to  the  sanctuary  of  this  adorable  skill  and  power. 

8.      VNCOMBINED   ELECTRICITY. 

As  the  two  electric  fluids  are  -thus  discharged  from  their  res- 
pective elements  for  the  formation  of  caloric,  it  would  seem, 
that  the  caloric,  being  dispersed,  is  again  decomposed.  Set- 
tling upon  contiguous  bodies  that  are  unequally  compounded  of 
the  different  electric  elements^  the  positive  fluid  rests  upon  the 
substances,  that  contain  the  most  oxygen,  and  the  negative  upon 
the  other.  Many  substances,  especiallv  sulphur,  while  cooling, 
exhibit  electric  phenomena ;  and  some,  on  the  contrary,  while 
heating.  There  is  a  stone  found  in  the  British  primary  moun- 
tains called  the  tourmaline,  crystallized  by  nature  frequently  in 
a  nine  sided  prism,  terminated  by  a  six  sided  and  a  three  sided 
pyramidf — ^which  on  being  gently  heated,  becomes  electrical : 
•—the  six  sided  pyramid  end  being  positive,  and  the  other  ne- 
gative. But  while  it  is  cooling,  its  charges  are  reversed.  Un- 
der these  circumstances,  when  the  fluids  accumulate  so  as  to 
overcharge  the  stone,  they  combine  in  shocks;  and  if  the  stone 
be  large,  each  shock  is  seen  at  stated  intervals  in  flashes  of 
light  running  over  the  surface.  There  are  several  other  mi-, 
nerala  that  exhibit  nearly  the  same  phenomena.  See  Minera- 
logy, Clu9.  XIL 
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The  electric  fluids  may  be  exhibited  by  nibbing  a  stick  of 
sealing-wax  smartly  upon  the  coat*sleeve,  or  any  piece  of 
woollen,  when  the  wax  becomes  charged  with  the  negative  and 
the  wooUen  with  the  positive ;  which  ma^  be  known  by  their 
attracting  bits  of  thread,  paper,  gold-leaf,  or  any  dust  that  is 
near.  But  if  a  glass  tube  be  so  nibbed,  the  woollen  will  be 
charged  with  the  negative,  and  the  glass  with  the  positive.  In 
the  first  case,  the  wax  has  more  of  the  positive  elements  than 
the  woollen,  and  it  therefore  attracts  the  negative  fluid;  and, 
in  the  second  case,  the  woollen  contains  more  of  the  positive, 
and  it  consequently  attracts  the  negative,  while  the  glass  at- 
tracts the  positive.  Owing  to  this  circumstance  the  positive 
fluid  is  sometimes  called  the  vitreous;  and  the  negative  the 
retmaus. 

When  two  metals,  as  silver  and  zinc,  the  one  having  a 
slight  affinity  for  oxygen  and  the  other  a  violent  one,  are  in 
contact,  they  exhibit  no  signs  of  electricity ;  but  when  separm- 
ted,  the  silver  is  positively  electrified  and  the  zinc  is  nega- 
tively;— unless  the  zinc  be  coated  with  oxide,  and  then  the 
charges  are  reversed. 

But  however  a  substance  may  be  charged,  it  is  found  to  per- 
vade the  surface  only;  and  as  caloric  is  always  made  up  of  un- 
varying proportions  of  the  fluids;  so  whatever  quantity  of  the 
one  fluid  we  have  around  the  surface  of  any  body,  the  cor- 
responding proportion  of  the  other  fluid  is  sure,  whether  we 
will  or  not,  to  be  in  the  nearest  adjoining  surface;  and  this  is  * 
an  invariable  rule  whether  the  fluids  are  excited  by  art  or 
nature.  According  to  the  composition  and  intimacy  in  the 
combinations,  or  the  arrangement  of  the  original  particles  in  a 
substance,  the  electric  fluids  will  pervade  their  surfaces  or 
otherwise: — hence,  when  some  substances  are  touched  with 
a  charged  body,  their  surfaces  are  regularly  charged  through- 
out, while  others  remain  only  charged  on  the  spot  where  they 
are  touched.  The  former  substances  are  therefore  called  eon- 
duttars,  because  they  will  transmit  the  electric  fluids  from  one 
substance  to  another;  while  the  latter,  which  will  not  do  so, 
are  called  non-conductors.  The  human  body  is  a  remarkaUe 
instance  of  the  former;  and  whilst  living  permits  the  fluid  to 
pass  through  it ;  but  if  all  remains  of  vitality  are  gone,  elec- 
tricity then  only  pervades  its  surface.  A  pane  of  glass, 
touched  on  one  side  with  a  charged  substance,  will  be  charged 
at  that  side ;  but  will  at  the  same  instant  become  charged  at  the 


Digitized  by  VjOOQIC 


ELECTRO-CHEMISTRY  219 

iipposite  side  with  the  other  fluid ;  and  in  this  case,  they  cannot 
eome  together,  because  glass  is  a  non-conductor ;  but  if  a  com- 
munication is  formed  between  the  two  sides,  by  a  piece  of  wire, 
the  two  fluids  instantly  rush  together.  The  metals  are  all  con- 
ductors, though  not  all  equally  good.  Among  the  non-conduc- 
tors, are,  in  the  first  place,  glass,  wax,  and  resinous  substances ; 
silk,  feathers,  wool,  hair,  and  atmospheric  air.  Iron  is  said  to 
conduct  400  million  times  better  than  water,  sea-water  100  times 
better  than  distilled  water,  and  water  saturated  with  salt  720 
times  better. 

A  conductor  supported  by  a  non-conductor  is  said  to  be 
nuulaied;  and  in  such  a  case,  when  charged,  will  retain  the 
electric  fluid  for  a  considerable  time — with  great  care  even  for 
24  hours.  Along  perfect  conductors  the  electric  fluid  will  pass 
any  distance,  and  that  without  any  perceptible  time.  Walker 
in  his  "Elements  of  Experimental  Philosophy,"  speaks  of 
haying  conducted  electricity,  by  means  of  a  wire  suspended  on 
a  park  wall,  nine  miles ;  and  says  that  the  two  fluids  joined 
each  other,  though  one  of  them  travelled  all  this  space,  as  instan- 
taneously, as  if  the  conjunction  had  been  made  along  a  wire  of 
a  few  inches.  He  also  electrified  two  regiments  of  soldiers 
consisting  of  1800  men,  who  all  apparently  received  the  shock 
at  the  same  instant.  Nor  is  the  fluid  diminished  in  its  passage; 
for  Bishop  Watson,  with  a  wire  in  the  water,  conducted  elec- 
tricity to  the  opposite  side  of  the  Thames  and  back  again ;  and 
on  the  junction  of  the  two  fluids  fired  spirits  of  wine.  Gunpowder 
has  also  been  fired,  after  the  fluid  had  passed  through  20  persons 
having  hold  of  each  other's  wetted  hands.  Bringing  the  two 
fluids  together,  by  means  of  a  wire  or  any  other  conductor  form- 
ing a  communication  between  the  two  charged  surfaces,  is  called 
"  completing  the  electric  circuit;"  and  wherever  the  two  fluids 
unite  they  produce  caloric  and  a  shock.  The  caloric,  should 
the  charge  be  small,  is  a  mere  spark;  and  the  shock  is  produced 
by  its  action  on  the  air,  or  on  the  human  body  by  its  eflects  on 
the  nerves  and  muscles. 

9.  THB  BLECTRIFTINO  MACHINE. 

The  electrifying  machine  is  an  apparatus  for  exciting  the 
electric  fluids  by  friction.  It  consists  of  a  revolving  glass 
cylinder,  insulated  by  the  fixing  of  its  pivots  or  axis,  or  by  being 
supported  on  glass  pillars.    On  the  top  of  this  cylinder  is  a 
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mbber  or  cashion,  coated  on  the  side  next  the  g^8  with  tin 
foil  or  an  amalgam  of  zinp  and  mercury.  The  cushion  is  aup- 
ported  on  the  top  of  a  glass  pillar  for  the  purpose  of  insulating 
it ;  and  made  to  press,  sometimes  with  a  spring,  upon  the  re- 
Tolving  cylinder.  On  one  end  of  the  axis  of  the  cylinder  is 
sometimes  a  small  wheel,  which  communicates  by  a  cord  of 
silk  or  catgut  with  a  larger  wheel,  attached  to  the  handle.  This 
band  may  answer  a  double  purpose  ;  for,  besides  its  acting  as  a 
multiplying  wheel,  so  that  the  cylinder  revolves  many  times  for 
the  handle  once,  it  is  a  non-conductor,  (should  the  axis  not  be 
insulated,)  between  the  cylinder  and  the  person  turning  the 
handle. 

By  the  friction  or  pressure  thereby  occasioned,  the  latent 
caloric  is  put  in  motion ;  and  particles  of  oxygen  gas  are  prea^d 
between  the  rubber  and  the  cylinder,  so  that  a  slighf  oxydation 
of  the  amalgam  takes  place.  Though  Sir  H.  Davy  does  not  sup- 
pose that  the  action  of  the  machine  depends  upon  the  oxidation 
of  the  amalgam,  for  it  acts  e<|ually  in  vacuo,  in  hydrogen  gas, 
and  better  in  carbonic  acid  than,  in  atmospheric  air.  It  most 
therefore  depend  upon  the  caloric  of  the  surrounding  bodies  : 
the  machine  will  only  act  in  a  warm,  dry  atmosphere. 

However  this  may  be,  the  electric  fluids  arc  excited;  and» 
under  this  peculiar  combination  of  oircumstanees^  do.  ttot  imme- 
diately unite,  but  the  positive  charges  the  glass  cylinder  mmd  the 
negative  the  cushion,  till  by  their  superabundance  they  are  cmb- 
peUed  to  combine  and  form  caloric ;  but  to  prevent  this,  they 
are,  by  properly  disposed  conductors,  withdrawn.  The  negative 
is  conducted  away  by  a  chain  attached  to  the  icusfaion,  while  the 
other  end  lies  upon  the  ground  or  table  communicating  with  it; 
but  to  remove  the  positive  from  the  cylinder  requires  a  little 
more  contrivance.  For  this  purpose,  a  metallic  cylinder  is 
placed  at  right  angles  to  the  glass  cylinder,  supported  on  glass 
pillars.  At  the  end  of  the  cylinder  are  a  few  spikes  of  wire,iui 
inch  or  so  in  length,  which  reach  within  half  an  inch  of  the^^ass 
cylinder.  And  to  the  cushion  is  attached  a  square  pieces  of 
varnished  silk,  that  rests  upon  the  glass  cylinder,  and  reaches 
to  within  about  half  an  inch  of  the  place  to  which  the  metallic 
points  are  opposite.  When  therefore  the  machine  is  in  action, 
die  positive  fluid  is  drawn  off*  by  Aese  points,  till  the  metallic 
cylinder,  called  the  prime  conductor)  is  olmrged. 

To  complete  the  apparatus^  a  chain  is  atttsehed  to  the  {urine 
conductor.    Each  cbain  has  also  a  smaH  meidUio  rod,  widL« 
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book  at  one  end  to  fasten  the  chain,  and  a  knoh  at  the  other ; 
and  to  each  rod  is  fixed  a  glass  handle,  so  that  the  operator  may 
not  receiye  the  shock  himself.  Some  machines  are  fitted  up 
with  a  prime  conductor  for  the  negative  fluid ;  or  when  the  nega- 
tire  fluid  is  used,  the  chain  of  the  positive  communicates  with 
die  earth. 

If,  while  a  person  holds  a  chain  in  each  hand,  the  machine 
be  put  in  motion,  the  circuit  will  be  completed  in  his  body.  He 
will  feel  a  peculiar  sensation,  but  no  shock ;  because  the  streams 
eome  regularly,  and  also  combine  as  they  meet  in  his  body.  But 
if  he  hold  the  positive  chain,  while  standing  on  a  stool  with  glass 
feet,  he  becomes  electrified.  The  hairs  of  his  head  stand  up- 
rigfat ;  for  being  charged  with  the  same  fluid  as  his  body,  they 
are  repelled,  and  also  repel  each  other.  While  in  this  situation, 
should  he  be  touched  with  the  knob  of  the  negative  chain,  he 
will  instantly  feel  a  shock  at  the  part  or  limb  where  he  is 
toudied :  or,  the  knob  being  held  at  a  distance,  sparks  may  be 
drawn  from  any  part  of  his  body ;  that  is,  the  two  fluids  will 
meet  between  him  and  the  knob,  and  form  caloric,  which  appears 
in  sparks.  It  will  be  the  same,  if  the  end  of  the  negative  chain 
Ue  upon  the  ground ;  for,  a  person  standing  on  the  floor,  and 
touching  the  insulated  person,  equally  completes  the  electric 
circiiit.  So  that  a 'person  standing  on  the  floor  and  turning  the 
nachine  with  one  hand,  at  the  same  time  holding  the  knuckles 
of  the  other  hand  near  the  prime  conductor,  will  see,  as  it  were, 
sparks  come  into  his  hand,  and  feel  the  sensation  of  a  pin  prick- 
ing him.  In  this  case,  the  negative  fluid  passes  from  the  chain 
to,  the  fl€M>r,  then,  to  the  person,  and  at  the  knuckles  meets  the 
positive  where  the  spark  is  seen  or  pricking  sensation  felt. 

Two  bodies  charged -with  the  same  electricity  repel  each 
other ;  but  are  attracted  if  charged  with  the  opposite  fluids.  On 
this  principle,  little  images  nuule  of  pasteboard,  or  pith  of  the 
elder  have  been  made  to  dance  up  and  down  between  two  metal- 
lic ph^s  placed  a  few  inches  apart.  The  under  plate  not  being 
insulated,  and  the  negative  diain  communicating  with  the  floor, 
btcomes  negiitively  charged.  Directly  over  it,  at  the  distance 
itf  a  few  inches,  is  suspended  by  non-conductors  the  other  pjiate, 
mhkh  communicates  with  the  machine  by  the  positive  chain. 
The  images  placed  on  the  lower  plate,  while  the  machine  is  in 
motion,  become  charged  with  the  negative  fluid;  and  because 
bftdies  charged  with  the  same  fluid  repel  each  other^  and  those 
oharged  with  the  opposite  attract  each  other,  the  imagea  ajre 
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repelled  from  the  lower  and  are  attracted  to  the  upper  plate, 
where  they  discharge  their  load  of  the  negative,  which  nniting 
with  a  definite  proportion  of  the  positiye,  forms  caloric.  They 
then  take  a  charge  of  the  positive,  and  for  the  same  reason  are 
repelled;  and  are  attracted  to  the  negative  plate,  where  another 
portion  of  caloric  is  formed ;  and  they  are  again  repelled  with  a 
charge  of  the  negative.  Thus;  if  a  supply  to  the  plates  be  kept 
np  from  the  machine,  they  continue  to  dance :  the  greater  the 
charge,  the  quicker  the  motion. 

The  Leyden  Battery  consists  of  a  number  of  glass  jars,  coated 
with  tin  foil  or  the  above  amalgam  inside  and  out  to  within  a 
few  inches  of  the  top,  Itnd  placed  so,  that  a  wire  may  communi- 
cate with  the  inside  of  each  without  touching  tbe  outside.  These 
wires  are  all  attached  to  a  rod,  which  being  joined  to  the  posi- 
tive chain,  forms  a  communication  with  the  inside  of  the  jars 
and  prime  conductor.  The  battery  being  insulated,  and  the 
negative  chain  attached  to  it,  when  the  machine  is  put  in  motion, 
both  inside  and  out  are  equally  charged :  one  with  the  positive 
fluid  and  the  other  with  the  negative  ;  but  by  reason  of  the  top 
of  each  jar  not  being  coated,  they  will  not  come  together. 

Almost  any  quantity  may  be  thus  collected ;  and  for  operating 
with  it,  the  object  is  placed  at  a.  convenient  distance  completely 
insulated ;  and  having  two  chains,  one  communicating  with  the 
inside  of  the  jar  and  the  other  with  the  outside,  it  is  first  touched 
with  the  one,  when  it  becomes  charged  but  receives  no  shock 
till  touched  with  the  other,  when,  if  the  charge  be  great,  the 
blow  is  tremendous.  The  caloric  does  not  seem  large  in  quan- 
tity, but  its  intensity  is  irresistible.  An  ox  has  been  struck 
dead,  diamond  evaporated,  and  substances,  previously  deemed 
infusible,  have  been  melted  like  wax . 

10.    GALVANISM. 

Galvanism  is  a  mode  of  exciting  the  electric  fluids  by  oxidis- 
ing two  metals  in  contact,  that  possess  different  attractions  for 
oxygen.  The  peculiar  effect,  which  electricity  has  upon  the 
nerves  and  muscles  of  animals,  was  the  circumstance  that  gave 
rise  to  this  branch  of  the  science;  and  it  has  therefore  some- 
times been  called  animal  electricity. 

A  philosopher  named  Galvani  was  its  first  cultivator.  While 
he  was  dissecting  a  recently  killed  frog  for  the  purpose  of  inves- 
tigating the  cause  of  nervous  irritability,  he  observed,  that  when 
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the  two  instraments  he  was  using,  heing  of  different  metals, 
were  so  disposed  that  the  one  touched  the  nerve  and  the  other 
a  muscle  of  the  same  limb,  and  at  the  same  time  came  in  con- 
tact with  each  other,  a  spasmodic  motion  of  that  limb  ensued. 
He  imagined  the  cause  to  be  in  the  frog  and  not  in  the  metals; 
and,  not  suspecting  it  to  be  an  electric  phenomenon,  announced 
to  the  world  that  he  had  discovered  a  new  power,  which  was 
called  Galvanism  in  honour  of  himself. 

But  another  philosopher,  named  Volta,  soon  identified  it  with 
electricity,  which  he  shewed  was  excited  by  the  action  of  the 
animal  moisture  upon  the  metals ;  and  that  whenever  the  nerves 
and  muscles  of  a  body  recently  dead  are  touched  at  the  same 
time  with  the  two  electric  fluids,  the  nerves  with  the  positive, 
convulsions  of  the  limbs  ensue  symptomatic  of  returning  life.  He 
invented  the  galvanic  pile  and  trough,  which  are  consequently 
sometimes  called  the  Voltaic  apparatus. 

An  experiment  in  galvanism  may  be  easily  made,  by  placing 
a  piece  of  zinc  or  even  a  bright  key  upon  the  tongue,  and  a 
piece  of  silver  beneath  it,  both  moistened  with  the  saliva.  When 
the  other  ends  are  brought  in  contact  beyond  the  tip  of  the 
tongue,  a  slight  shock  and  a  peculiar  sensation  are  felt.  If 
sine  be,  used,  and  the  experiment  be  made  in  the  dark,  a  faint 
flash  of  light  wiU  be  seen,  and  the  taste  will  resemble  that  of 
diluted  ammonia.  Porter  is  said  to  drink  best  out  of  pewter. 
Now  pewter  is  a  mixture  of  metals,  and  the  porter  acts  as  an 
acid  that  promotes  oxidation.  The  two  electric  fluids  are  there- 
fore excited ;  and  when  a  person  drinks,  the  circuit  is  completed 
at  his  mouth,  and  the  effect  on  the  nerves,  at  the  seat  of  the 
sense  of  taste,  gives  a  new  and  peculiar  flavour  to  the  porter. 
By  the  effects  of  galvanism,  metals  soldered  with  other  metals, 
nails  in  the  sheathing  of  ships,  and  all  metals  under  like  circum- 
stances, especially  if  exposed  to  moisture,  soon  corrode  at  the 
place  of  contact. 

The  uncombined  electric  fluids  have  a  great  effect  on  chemical 
affinity.  Two  substances  will  much  more  readily  combine,  when 
the  one  containing  the  most  of  the  positive  elements  is  charged 
positively ;  and  they  are,  on  the  contrary,  much  slower  in  com- 
bining, or  utterly  refuse  to  combine,  when  it  is  charged  nega- 
tively :  or  when  the  substance  containing  the  most  negative 
elements  is  charged  with  the  positive  fluid.  A  slow  combina- 
tion is  continually  going  on  between  the  copper,  with  which 
dips  are  sheathed,  and  the  saline  contents  of  sea  water:-* 
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chlorine>  a  chief  ingredient  in  theie  salts,  and  which  is  a  negA- 
tire  element,  having  a  great  affinity  for  copper  a  positifie 
elementary  substance.  Bat  Sir  H.  Davy  discovered  that  a  very 
small  surface  of  tin,  or  any  other  metal  which  has  a  great  aflEk 
nity  for  oxygen,  placed  any  where  in  contact  with  a  large  sur- 
face of  copper,  renders  it  negatively  electrical,  so  that  sea 
water  has  no  action  upon  it 

The  difference  between  common  electric  phenomena  and  the 
galvanic  may  perhaps  be  thus  stated.  The  former  depend  upon 
the  surrounding  active  caloric,  while  the  latter  are  developed 
from  the  inherent  electric  fluids  of  the  decomposing  or  com- 
bining materials.  When  two  metals  are  brought  in  contact,  and 
are  immediately  separated,  they  are  electric  :  this  arises  from 
the  decomposition  of  the  active  caloric.  But  should  they  ly) 
touched  by  an  acid,  or  a  saline  ingredient  as  animal  moisture, 
while  in  contact,  the  one  that  has  the  greatest  affinity  for  oxygen 
becomes  oxided ;  that  is  the  electric  fluids  separate  from  their 
respective  elements,  the  positive  from  the  metal  and  the  negar 
tive  from  the  oxygen,  and  in  the  calorific  proportion,  so  that 
under  common  circumstances  they  form  caloric.  Now  these 
fluids  undei^  the  galvanic  arrangement  are  either  withdrawn  be- 
fore they  combine,  or  the  caloric  is  immediately  decomposed 
and  the  fluids  are  separated  by  the  contiguous  positive  and 
negative  materials.  For  the  amalgam  of  the  electrifying  machine 
and  the  predominance  of  the  negative  elements  that  compose  the 
glass,  bear  a  great  similarity  to  the  contiguous  metals  and  acid 
of  the  galvanic  apparatus.  The  chief  difference  in  the  pheno- 
mena may,  therefore,  arise  from  the  sources  of  the  fluids :  in 
the  electrifying  machine  they  are  obtained  from  the  calorio 
existing  as  the  temperature  of  the  materials,  and  the  supply  is 
much  more  irregular;  in  the  galvanic  apparatus  they  are  derived 
from  the  inherent  electric  fluids  of  the  materials,  vis.  of  the 
metals,  and  acid;  and  as  the  oxidizing  process  is  very  slow,  but 
uniform,  and  no  more  of  the  electric  fluids  are  developed 
than  the  combination  affords,  so  the  galvanic  apparatus  afforda 
a  regular  stream  of  the  two  fluids,  without  being  subject  to  vio- 
lent discharges  in  shocks,  as  is  the  case  when  the  fluids  are 
excited  by  the  machine.  A  Leyden  Battery  may  be  charged 
with  the  galvanic  apparatus,  but  not  easUy. 

The  galvanic  pile  is  made  with  any  number  of  plates  of  two 
metals,  that  possess  different  attractions  for  oxygen.  They  are 
placed  in  pairs  one  upon  another ;  and  between  each  pair  is  in- 
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■erted  a  piece  of  wooUen  cloth^  steeped  in  a  solaiion  of  lal-^am 
moniac  and  water;  or  a  mixture  of  nitric  and  salphnric  acids 
and  water — the  proportion  of  each  acid  heing  one  sixtieth  part 
of  the  water.  The  whole  is  supported  hy  glass  pillars.  There 
is  no  determined  order  of  placing  them  with  respect  to  which 
shall  be  uppermost.  But  if  that  which  has  the  greatest  affinity 
for  oxygen  be  fixed  on,  then  it  must  be  uppermost  in  every 
pair;  and  the  pile  must  commence  with  a  single  plate  of  that 
which  has  the  least  affinity  at  the  bottom,  and  terminate  with  a 
single  plate  of  the  other  at  the  top :  and  between  each  pair,  as 
well  as  adjoining  each  single  plate,  must  be  a  piece  of  cloth. 
Being  thus  disposed,  the  top  of  the  pile  becomes  immediately 
charged  with  the  negative  fluid,  and  the  bottom  with  the  positive. 

But  the  galvanic  trough  is  now  generally  preferred.  There 
are  several  variations  in  its  construction,  but  that  of  the  Surry 
Institution  is  the  most  famous.  It  consists  of  2,000  double 
plates  soldered  together,  placed  in  as  many  cells  of  a  porcelain 
trough.  The  plates  fit  closely  into  each  cell,  so  as  to  make  a 
water  tight  partition;  and  the  intervening  spaces  are  filled  with 
the  above  mixture  of  acids  and  water.  But  as  the  plates  are 
soon  covered  with  oxide,  they  are  so  contrived  as  to  be  readily 
taken  out  and  wiped.  The  area  of  each  plate  is  32  square  inches, 
so  that  128,000  square  inches  of  surface  are  exposed  to  the 
acids.  In  some  troughs  the  plates  are  not  soldered,  but  merely 
joined  by  a  metallic  clasp,  and  thus  a  double  portion  of  surface 
is  acted  on.  A  wire  of  platina  is  attached  to  each  end  of  the 
trough;  and  when  the  other  ends  of  the  wires  are  brought 
within  three  or  four  inches  of  each  other,  a  discharge  is  made 
of  each  fluid  through  the  air,  producing  a  most  brilliant  ascend- 
ing arch  of  light,  broad,  and  of  a  conical  form  in  the  middle. 
When  a  substance  is  brought  into  this  arch,  it  instantly  becomes 
ignited.  Platina  melts  as  readily  as  wax  in  a  candle.  Quartz, 
sapphire,  magnesia,  and  lime  are  fused;  diamond  is  evaporated; 
and  Icelandic  spar  (once  considered  the  most  injfusible  of  all 
substances)  when  moistened,  is  acted  upon ;  indeed  nothing  can 
resist  its  attack.  Its  operations  are  slow,  but  the  results  are 
certain ;  and  sooner  or  later,  by  means  of  it,  bodies  are  reduced 
to  simpler  forms  of  matter. 

If  the  two  ends  of  the  wires  are  placed  in  water,  it  is  decom- 
posed ;  and  oxygen  gas  is  evolved  from  the  positive  wire  and 
hydrogen  from  the  negative.     If  acids  or  salts  or  any  other 
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oompoiind  tiLbitaiices  are  acted  upon,  the  negatire  elements  are 
evoked  from  the  positire  wire ;  and  the  positiye  from  the  nega^ 
tiTe.  It  waa  with  thia  apparatos  that  Sir  H.  Davy  decomposed 
the  earths  and  alkalies  &o.,  and  made  the  great  discoveries 
which  will  immortalise  his  i 
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CHAP.  X. 
The  Supporters  of  Combustion. 


RKMARKB.     2.  OXYOBN.     3.  ChLORIMB.     4.  lODINB.     JL  OZIDBf.     6.  Thb 

Alxalibs.    7.  Tub  Eabths.    8.  Thb  Acin.    9.  Salt8>  Cbystaujzation» 

AMD  TBB   NbW  NoMBMCLATUBB.       10.    OXYDATION    AHD   OXTOBMIZATIOM: 

11.  CoMBUfTioM.     12.  Explosion.     13.  SpoMTAiiBout  GonBumoH.    14, 
Wabmimo  Room. 


1.  REMARKS. 

All  labstancds  in  natare^  with'the  exception  of  the  oxygen  and 
hydrogen  gaseSyare  perhaps  composed  of  certain  definite  propor- 
tions of  both  negative  and  positive  elements.  Such  as  contain  more 
of  the  elements  in  which  the  negative  electric  fluid  is  inherent  are 
called  ''the  supporters  of  combustion;" and  on  the  contrary , such 
as  contain  a  larger  proportion  of  the  positive  than  of  the  negative 
are  called  eowdnuHMe  substances.  Now  as  combustion  is  a  mere 
combination  of  the  difierent  electric  elements^  the  above  dis- 
tinction does  not  seem  to  be  philosophically  correct;  for  we  see 
no  reason  why  the  negative  elements  have  not  as  good  a  claim 
to  be  called  combustibles  as  the  positive.  But  as  the  process 
of  combustion  was  long  known  before  its  real  nature  was  under- 
jitoody  the  materials  were  so  named  before  it  was  ascertained, 
that  the  oxygen  gas  of  the  atmosphere  contained  one  of  the 
elements  of  the  caloric  produced.  It  was  tben  supposed  that 
the  caloric  chiefly  resided  in  the  combustible  material^  and  that 
atmospheric  air  was  merely  necessary,  some  how  or  other,  for 
its  extrication. 

As  caloric,  so  far  as  is  known,  is  composied  of  unvarying 
proportions  of  the  two  electric  fluids;  and  as  the  integrant 
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matter  of  our  planet,  so  far  as  we  can  ascertain,  is  composed  of 
nearly  equal  proportions  of  negative  and  positive  elements; — 
we  may  reasonably  conclude,  that  there  is  an  equal  quantity  of 
6ach  kind  of  elements ;  or,  what  expresses  our  meaning  more 
correctly,  that  there  is  the  same  exact  proportions  of  the  elec- 
tric fluids  :  so  that,  was  the  Almighty  Fiat  given,  the  whole  of 
our  planet  might  vanish  in  a  flash  of  fire,  and  a  small  globe  of 
crystalline  matter,  or  utter  annihilation : — ^which,  if  viewed  from 
a  distant  part  of  the  universe,  would  only  resemble  one  of  those 
small  meteors,  that  in  a  clear  autumnal  evening,  play  about  in 
the  aerial  regions,  surprise  ns  witlTtheir  brilliancy,  and  then, 
perhaps,  disappear  for  ever. 

All  compound  substances  may  be  divided  into  two  classes  : 
combustible  and  incombustible.  The  combustible  are  those 
wherein  the  elements  are  the  least  intimately  combined;  or^anch 
as  contain  a  large  portion  of  the  positive  elements  with  a  small 
quantity  of  the  negative;  consequently,  the  positive  hare  parted 
with  few  definite  proportions  of  their  inherent  electricity. 
Among  these,  all  vegetable  and  bituminous  substances  claim 
the  first  rank.  In  a  philosophical  point  of  view,  certain  sub- 
stances, ranged  under  the  head  of  **  The  supporters  of  combus- 
tion," may  be  placed  in  this  class ;  viz.  nitre,  and  some  of  the 
acids ;  because,  in  these  the  negative  elements  so  much  pre- 
vail, that  they  have  parted  with  little  of  their  electric  fluid.  But 
as  the  oxygen  contained  in  the  atmospheric  air,  ia  the  grand 
storehouse  of  this  fluid,  whence  all  combinations  are  chiefly 
supplied,  these  substances  are  comparatively  small  in  quantity. 
The  incombustible  substances  are  the  most  equally  compounded 
of  the  positive  and  negative  elements,  and  are  such  as  hare 
parted  with  many  definite  proportions  of  the  inherent  electric 
fluids;  so  that,  under  whatsoever  circumstances,  when  pre- 
sented to  other  substances,  they  refuse  to  combine,  being  already 
exhausted  of  the  electric  fluids.  Among  these  are  the  earths, 
alkalies,  and  oxides,  with  certain  of  the  acids,  and  the  combi- 
nations of  all  these,  which  are  ranged  under  one  general  term, 
viz.  salts. 

The  quantity  of  chlorine  and  iodine,  when  compared  with 
that  of  oxygen,  is  very  small ;  hence  it  is  customary  in  chemical 
language  to  speak  of  oxygen  as  the  sole  vehicle  of  the  negative 
electric  fluid.  Some  have  supposed,  that  fluorine  and  even 
silica  may  be  numbered  with  these  supporters  of  combustion ; 
however  the  latter  seems  only  to  consist  of  a  peculiar  base. 
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Aat  oombinei  with  and  neutralizes  nearly  its  own  weight  of 
oxygen. 

2.   OXTOBN. 

Oxygen,  on  account  of  its  being  the  chief  vehicle  of  the  ne- 
gative electric  fluid,  is,  the  most  active  and  energetic  principle 
in  nature.  It  is,  besides,  the  most  abundant,  the  most  exten- 
sively diffused,  and  the  most  regulariy  disposed  of  all  the 
elements.  Hardly  any  thing  in  its  natural  state  can  be  found 
without  its  being  combined  with  some  of  this  element ;  and  it  is 
with  the  greatest  difficulty  that  it  can  be  separated  from  its  com^ 
binations ;  so  that  the  history  of  oxygen,  its  compounds,  and 
its  laws  of  combination,  form  the  principal  part  of  modern 
chemistry. 

Oxygen  gas,  in  which  state  it  can  only  be  obtained  alone, 
was  discovered  by  Dr.  Priestly  on  the  Ist  of  August,  1774:  he 
named  it  dephlogisticated  air.  It  occupies  about  750  times 
more  space  than  when  combined  with  hydrogen  to  form  water, 
and  one  hundred  cubic  inches  weigh  about  34  grains. 

According  to  its  combinations,  or  the  number  of  proportions 
of  the  inherent  elctric  fluid  that  it  retains,  oxygen  possesses 
all  the  opposite  qualities.  In  general  we  may  say  of  it,  that  if 
it  is  combined  with  a  basis,  which  has  a  very  strong  affinity  for 
it,  that  is,  has  caused  it  in  the  combination  to  give  out  many 
proportions  of  its  electric  fluid,  it  is  neutralized,  or  rendered 
harmless,  mild  or  sweet.  But  if  not  combined  with  such  a 
basis,  or  so  exhausted  of  its  electric  energies,  or,  what  means 
nearly  the  same,  if  combined  in  a  greater  proportion  than  the 
base  will  cover, — it  is  pungent,  sour,  corrosive,  and  destructive. 
These  properties  are  caused  by  its  quitting  that  basis  to  join 
with  the  other  substances  presented,  for  which  it  has  a  stronger 
affinity.  Thus;  when  74  parts  oxygen  are  united  with  26  of 
nitrogen,  the  corrosive  qualities  of  oxygen  are  all  displayed. 
This  combination  is  known  by  the  name  of  nitric  acid  or  aqua- 
fortis. And  as  animal  or  vegetable  substances  are  principally 
composed  of  carbon  and  hydrogen,  for  both  of  which  oxygen 
has  a  stronger  affinity  than  for  nitrogen,  this  acid  corrodes  them. 
If  a  little  of  it  is  dropt  upon  the  hand,  the  hydrogen  and  carbon 
are  torn  from  their  arrangement  in  the  skin  and  fleshy  fibres. 
The  former,  uniting  with  a  portion  of  oxygen,  forms  water;  and 
the  latter,  uniting  with  another  portion,  forms  carbonic  acid ; 
the  nitrogen  escapes  either  as  nitrous  oxide  or  nitrogen  gas,  and 
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the  two  electric  fluids  form  caloric.  A  hole  is  therefore  made 
in  the  hand,  heat  is  prodnced,  and  we  truly  say  that  the  place 
is  burnt;  for  combustion  in  all  cases,  as  will  be  hereafter  shewn, 
is  the  selfsame  process. 

The  reason  that  oxygen  unites  thus  rapidly  with  the  animal 
substance,  though  it  has  parted  with  some  proportions  of  its 
electric  fluid  to  combine  with  the  nitrogen  in  the  formation  of 
the  acid,  while  it  has  no  effect  upon  it  while  existing  as  gas  in 
the  atmospheric  air,  though  it  then  has  the  Ml  charge  of  the 
negative  electric  fluid,  depends  upon  .its  very  high  degree  of 
concentration  in  the  acid,  and  its  electric  energies  not  being  in 
the  same  proportion  diminished.  In  water,  the.  oxygen  is  more 
highly  concentrated ;  but  then  ,it  is  combined  with  hydrogen, 
and  so  completely  covered,  or  divested  of  so  much  of  its  electric 
fluid,  that  it  produces  no  effect  when  applied  to  animal  sub- 
stances, and  is  therefore  tasteless.  This  is  the  only  combina- 
tion it  forms  with  hydrogen ;  but  with  hydrogen  and  carbon  its 
combinations  are  infinite.  Such  compounds  wherein  it  exists 
nearly  in  the  same  proportion  as  in  water,  are  sweet.  If  the 
proportion  of  oxygen  is  less  than  the  aqueous,  the  substance  is 
spirituous  or  resinous  ;  but  if  greater,  it  is  sour.  However,  aa 
these  are  all  vegetable  substances,  wherein  the  elements  are, 
perhaps,  not  combined  according  to  the  strict  laws  of  chemical 
aflSnity,  by  reason  of  their  having  been  elaborated  by  vegetable 
life,  and  are  still  perhaps  partly  under  its  arrangement,  they 
form  some  exception  to  the  general  laws  which  govern  unor* 
ganised  matter; — for  though  chemical  affinity  is  the  grand 
mover  of  nature ;  yet,  there  are  grounds  for  believing  that 
life  imposes  new  laws  upon  it,  or  occasionally  suspends  its 
operations. 

In  atmospheric  air  oxygen  exists  in  the  state  of  gas;  but  as  it 
is  then  blended,  not  chemically  combined,  with  nitrogen  gas,  in 
the  proportion  of  21  oxygen  to  79  nitrogen,  it  is  in  a  very  dilute 
state;  and  has  therefore  no  greater  effect  on  animal  and  vegeta- 
ble substances  than  to  produce  the  irritation  of  a  sore  in  the 
living  fibre,  or  a  slow  putrefaction  in  the  dead,  and  fermenta- 
tion or  acidification  in  vegetable  matter. 

Oxygen  gas,  from  its  being  the  only  gas  can  be  breathed,  has 
been  called  vital  air.  By  drawing  the  atmospheric  air  into  the 
lungs,  we  imbibe  into  the  blood  from  an  eleventh  to  a  sixth  part 
,of  the  oxygen,  which  is  the  source  of  animal  heat,  by  its  nega- 
tive fluid  uniting  with  the  positive  of  the  food,  and  thus  main- 
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taiBing  combnition  throughout  all  parts  of  the  body,  (see  Chap; 
XX.  s.  3.)  But  when  oxygen  gas  is  breathed  alone>  it  has  the 
power  of  stimulating  the  circulation  and  seoretionB  to  a  very  high 
degree.  If  a  person,  whose  pulse  beats  60  or  70  times  per 
minute,  is  made  to  breathe  oxygen  gas,  in  a  few  minutes  his 
pulse  is  raised  to  120  or  190;  and  his  feelings  are  as  if  a  tenfold 
acquisition  of  life  and  vigour  had  instantly  rushed  into  his  frame. 
But  were  it  breathed  done  for  any  considerable  time,  it  would 
stimulate  the  system  too  much;  the  circulating  fluids  would 
either  burst  or  soon  wear  out  their  channels,  and  death  or  pre- 
mature decay  would  ensue.  To  prevent  this,  it  is  mixed  witii 
near  four  times  its  quantity  of  a  gas  to  form  atmospheric  air, 
tfiat  is  destructive  of  life.  This  too  much  vivifying  principle  of 
oxygen  gas,  is,  therefore,  counteracted  by  the  opposite  qualities 
of  nitrogen,  sometimes  called  azote,  the  depriver  of  life. 

But  Uiough  this  simple  mixture  of  nitrogen  and  oxygen  forms 
atmospheric  air ;  yet,  some  of  their  chemicd  combinations  may 
be  breathed.  One  measure  of  oxygen  gas,  and  two  of  ni^ogen 
form  a  gaseous  compound  named  nitrous  oxide  gas*  '^  Persons 
who  have  inhaled  this  gas  have  felt  sensations  similar  to  intoxi- 
cation. Its  effects  on  some  people  are  truly  ludicrous,  pro- 
ducing involuntary  muscular  motion,  and  a  propensity  to  leap- 
ing or  running;  on  o&ers,  involuntiiry  fits  of  laughter;  and  in 
afl  high  spirits  and  the  most  exquisitely  pleasurable  sensations^ 
widiout  any  subsequent  feeling  of  debility.  Wheji  Mr.  Robert 
Soudiey,  the  Poet  Laureat,  inhaled  it,  he  declared  that  it  pro^ 
duced  in  him  sensations  perfectly  new  and  delightful ;  and  for 
several  hours  afterwards  he  imagined  that  his  taste  and  smeU 
were  more  acute  Aan  usud.  In  a  poetical  rhapsody,  he  re- 
marked that  he  supposed  die  atmosphere  of  the  highest  of  all 
possible  heavens  must  be  composed  of  this  gas."  A  person's 
pulse  may  also  be  lowered  by  extracting  oxygen  gas  from  tihe 
sir  which  he  breadies. 

Oxygen  is  the  principle  of  oxydation,  or  that  which  combin«- 
ing  with  the  metals,  forms  rust;  which  products  were  once 
cslled  calces,  but  are  now  denominated  oxides.  A  larger  dose 
with  some  of  the  metals,  and  likewise  with  some  of  the  other 
combustible  substances,  forms  acids;  though  with  some  of  Ijie- 
metalline  substances  it  forms  alkalies;  and  with  others,  eardi». 
The  earths,  the  alkalies,  and  the  oxides,  combining  with-  die 
acids,  form  salts*  But  the  earths  alone,  and  die  salts,  are  tfia 
most  abundant  substances  in  nature;  for  of  them  are  all  rocks 


Digitized  by  VjOOQIC 


282  THE  SUPPORTERS 

composed :  sandBtone  is  a  specimen  of  the  former^  being  formed 
of  the  earth  silica ;  and  limestome  is  a  salt,  composed  of  lime, 
which  is  an  earth,  and  carbonic  acid. 

Besides  these  combinations,  oxygen  is  the  principal  canse  of 
fermentation,  putrefaction,  fnd  combustion.  By  the  first  of 
these,  many  Tery  important  operations  in  life  are  performed, 
such  as  making  bread,  beer,  wine;  and  on  it  depends  also  the  art 
of  distillation.  By  putrefaction,  all  useless  and  refuse  animal 
and  yegetable  substances  are  reduced  into  their  elementary 
forms ;  or  take  such  arrangements  as  fit  them  for  the  food  of 
new  plants ;  hence  the  earth  is  cleared  of  a  useless  mass  of  dead 
▼egetables  and  ofiensive  animal  remains,  which  would  be  a 
complete  hinderance  to  vegetation.  It  is  also  the  supporter  of 
combustion;  or  that  without  which,  it  would  be  impossible  to 
light  or  maintain  our  common  culinary  fires.  For  the  principle 
on  which  fires  burn,  is,  the  union  of  the  positive  fluid  inherent 
in  the  carbon  and  hydrogen  of  the  coal,  candle  or  wood,  with 
the  negative  of  the  oxygen  contained  in  the  atmospheric  air. 
(For  all  of  these,  see  their  respective  sections  in  this  chapter.) 

3.   CHLORINE  OR  OXTMURIATIC  QA8. 

This  substance  is  the  base  of  muriatic  acid,  but  was  far  a  long 
time  considered  as  a  compound  of  that  acid  and  oxygen;  and 
was,  therefore,  called  oxifmuriatic  acid.  At  length  Sir.  H.  Davy 
decomposed  muriatic  acid;  and  found  it  to  be  hydrogen  united 
to  a  peculiar  gaseous  substance  of  a  yellowish  green  colour, 
which  he  from  this  circumstance  named  chlorine. 

It  is  in  a  gaseous  state  at  and  above  the  temperature  of  40deg.; 
but  below  that,  is  liquid ;  and  at  32deg.  or  below  the  freezing 
point  of  water,  forms  solid  crystals.  Its  specific  gravity  is  34^ 
times  that  of  hydrogen  gas.  Being  a  vehicle  of  the  negative 
electric  fluid,  it  in  some  respects  resembles  oxygen.  It  will 
support  combustion  but  cannot  be  breathed.  A  philosopher 
named  Pelletier  by  accident  inhaled  a  large  quantity  of  it,  and 
a  consumption  of  the  lungs  and  speedy  death  were  the  conse- 
quences. Even  a  very  small  portion  of  its  fumes,  mixed  with 
atmospheric  air,  has  a  very  disagreeable  odour,  and  a  very  per- 
nicious effect  on  the  lungs;  though  it  is  found  to  be  very 
eflicacious  against  contagious  and  infectious  fevers.  For  this 
purpose  it  is  used  in  the  navy  and  in  military  hospitals.  On 
common  occasions,  it  is  only  necessary  to  mix  in  an  opon  yes* 
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sel  two  parts  oommon  salt  and  one  black  oxide  of  manganese, 
place  it  in  the  sick  room,  and  pour  upon  it  two  parts  sulphuric 
acid.  ''Tradition  tells  us,  that  while  the  great  plague  was 
making  havoc  amongst  the  inhabitants  of  Shields,  it  spared  the 
persons  who  dwelt  about  the  $alt  works." 

Chlorine  corrodes  or  bums  all  the  metals  with  great  rapidity, 
and  is  the  only  substance  that  will  dissolve  gold  and  platina. 
Nitro-muriatic  acid,  from  this  circumstance  called  aqua-regia, 
will  do  the  same ;  but  chlorine  enters  largely  into  the  compo- 
sition of  this  acid,  and  may  stiU,  therefore,  be  considered  as 
that  which  produces  the  effect.  If  any  of  the  metals  be  beat 
into  very  thin  leaves,  or  be  reduced  to  powder,  and  be  suspended 
or  thrown  into  a  jar  filled  with  chlorine  gas,  provided  the  tern* 
perature  is  not  lower  than  70  degrees,  they  will  immediately 
inflame,  and  produce  a  very  brilliant  phenomenon  resembling 
a  shower  of  fire.  It  discharges  or  destroys  all  vegetable  coh>ur», 
and  is  therefore  used  in  bleaching.  The  seeds  of  plants,  indi«> 
genous  to  hot  climates,  and  which  will  not  germinate  either  in 
our  gardens  or  hot-houses,  if  previously  steeped  a  week  in 
chlorine  gas,  are  said  to  grow  freely. 

Chlorine  combines  with  oxygen  in  two  proportions,  yet  not 
by  simple  mixture.  But  when  hyperoxymuriate  of  potash  is 
distilled,  a  gas  is  liberated  compounded  of  oxygen  and  chlorine, 
which  Sir  H.  Davy  called  Euchlorine.  It  is  of  a  higher  yellow 
than  chlorine,  has  the  smell  of  burnt  sugar,  and  is  very  explo- 
sive. The  second  combination  contains  more  oxygen,  and  is 
StiU  of  a  higher  colour.  It  also  combines  with  nitrogen  in  the 
proportion  of  91*2  chl.  to  8*8  nitrogen : — forming  the  most  dense 
of  all  fluids,  with  a  specific  gravity  of  16*63;  nor  can  it  be  soli- 
dified. It  likewise  unites  with  all  the  simple  substances  except 
carbon,  which  requires  the  intervention  of  a  third,  as  hydrogen, 
to  make  them  combine ;  under  no  circumstance  will  it  combine 
with  charcoal. 

Muriatic  acid.  Hydrogen  and  chlorine  readily  unite.  Should 
equal  measures  of  each  be  put  into  a  jar,  and  exposed  to  the 
light,  (not  to  the  solar  rays  for  then,  they  will  explode,)  they 
will  combine,  and  condense  into  muriatic  acid.  This  acid  is 
gaseous,  which  form  it  keeps  at  all  temperatures.  When  thrown 
on  ice  it  melts  it,  but  produces  intense  cold.  The  liquid  muri- 
atic acid  of  commerce  is  water  saturated  with  this  gas. 

Though  muriatic  acid  removes  the  stains  of  common  ink,  it 
does  not  affect  printer's  ink;  and  is  therefore  recommended  for 
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cleaning  old  books  and  prints;  bat  for  this  parpose,  it  should 
be  mixed  with  one  sixth  its  weight  of  red  lead.  Writings 
defaced  with  this  acid,  may  nevertheless  be  recorered  by  the 
nse  of  snlphuret  of  ammonia  and  prussiate  of  potash.  Chloride 
has  no  effect  on  ink  mixed  with  indigo  and  oxide  of  manganese. 
Common  table  salt  is  composed  of  46^  muriatic  acid,  and  53j^ 
soda.  Soda  consists  of  7H  metallic  base  and  24  oxygen.  There- 
fore, when  mnriatic  acid  and  soda  are  mixed  in  the  above  pro- 
portions, they  form  wet  salt.  The  hydrogen  of  the  acid  com- 
bines with  the  oxygen  of  the  alkali,  and  they  form  water,  which 
is  eyaporated  in  drying  the  salt,  and  perhaps  a  true  chloride 
of  sodinm  remains.  But  the  present  chemical  name  of  table 
salt,  is,  muriate  of  soda.  Its  antiseptic  qualities  are  well  known, 
and  depend  upon  its  forming  a  chemical  union  with  the  animal 
substance,  and  thus  preventing  it  from  combining  with  oxygen 
the  cause  of  putrescency.  As  a  manure,  it  promotes  the  health 
of  plants ;  and  this,  principally  by  jrendering  their  roots  unfit 
for  the  habitation  of  insects,  for  the  destruction  of  all  kinds 
of  which,  as  also  of  noxious  weeds,  no  substance  is  so  effi- 
cacious. It  is  particularly  recopamended  for  the  roots  of  fruit 
trees,  and  also  for  potatoes  and  turnips :  one  bushel  per  acre  is 
said  to  be  a  sufficient  dressing  for  meadow  land ;  and  that  a 
larger  quantity  will  do  harm  rather  than  good.  It  should  be 
well  dried  in  an  oven,  ground  very  small ;  and,  then  laid  on,  in 
winter,  principally  on  the  middle  of  the  ridges,  like  sowing 
small  seeds.  Too  great  a  quantity  is  a  great  sterilizer  of  land, 
and  among  the  ancients  was  considered  the  emblem  of  barren- 
ness :  hence,  to  sow  a  ruined  city  with  salt  was  to  consign  it  to 
everlasting  desolation.  On  account  of  this  property,  it  has  been 
found  useful  for  preventing  the  dry  rot  in  ships  when  they  are 
well  suffed  with  it. 

Muriate  of  Soda  is  a  verj  abundant  mineral;  it  is  found  not 
only  in  large  beds  and  masses,  but  also  in  many  springs  and 
lakes,  in  almost  all  soils,  and  it  forms  about  a  thirtieth  part  of 
the  waters  of  all  the  seas.  Rock  salt  is  sometimes  crystallized 
in  the  form  of  a  cube,  which  is  that  of  its  primary  crystal;  it  is 
either  opaque,  translucent,  or  transparent,  and  its  colour  is 
very  various,  as  white,  grey,  reddish  brown,  brick  red,  violet, 
blue,  and  green;  when  coloured  it  is  always  more  or  less  impure. 

The  sodalite,  and  one  or  two  more  earthy  minerals,  contain 
a  small  portion  of  muriatic  acid;  it  also  occurs  in  some  ores  of 
lead,  quicksilver,  silver  and  arsenic,  but  in  none  above  3  percent* 
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The  mariatei  in  general  are  the  most  volatile  of  all  the  salts, 
and  yet  the  least  affected  by  excessive  heat.  With  a  larger 
dose  of  oxygen  they  form  hyperoxymoriates.  But  this  class  of 
salts,  when  mixed  with  combustibles,  is  very  dangerous  from 
their  explosive  qualities.  The  French  attempted  to  use  that  of 
potas,  composed  of  28  chlorine,  38  oxygen,  and  34  potassium, 
instead  of  nitre  in  the  manufacture  of  gunpowder ;  but  during 
the  process  it  exploded  and  proved  fatal  to  two  individuals. 
However  it  has  been  supposed ,  that  in  one  of  their  campaigns, 
they  made  use  of  gunpowder  thus  manufactured ;  and  it  is  now 
the  percussion  powder  used  by  sportsmen. 

4.   IODINE. 

This  newly  discovered  substance  is  obtained,  in  very  small 
quantities,  from  kelp  and  some  other  sea-weeds,  combined  with 
potas  or  soda.  In  its  simplest  form,  it  consists  of  small  rhom- 
boidal,  blackish  coloured  crystals.  Like  oxygen  and  chlorine 
it  is  evolved  from  the  positive  end  of  the  voltaic  apparatus.  Also 
when  a  piece  of  potassium  is  suspended  in  the  vapour  of  iodine, 
it  will  inflame  and  bum  with  a  pale  blue  light  Phosphorus, 
also,  when  heated  bums  very  rapidly  in  this  vapour,  throwing 
out  much  heat,  and  this  without  the  intervention  of  oxygen: 
hence  this  substance  is  ranked  among  the  supporters  of  combus- 
tion. It  melts  at  225  deg.  and  at  350.  is  converted  into  vapour 
of  a  violet  colour,  whence  its  name.  One  hundred  cubic  inches 
of  this  vapour  weighs  2G2  grains. 

Iodine  combines  with  hydrogen  and  chlorine  forming  acids,  and 
by  means  of  euclorine,  may  be  made  to  combine  and  form  an  acid 
with  oxygen,  that  acts  rapidly  on  gold.  It,  also,  combines  with 
all  the  metals  and  forms  iodurets,  but  its  chief  affinity  seems  to 
be  for  potassium.  Starch  is  a  test  for  iodine,  with  which  its  pre- 
sence may  be  detected.  They  form  a  precipitate  of  a  brilliant 
bine  colour,  inclining  to  purple.  It  was  only  discovered  in 
1812,  and  is  therefore  only  as  yet  used  in  some  costly  pig- 
ments. It  is  of  great  service  in  medicine  for  dispersing  goiters, 
and  other  indolent  tumours  arising  from  scrofula. 

6.  OXIDBS. 

When  oxygen  is  combined  with  any  of  the  simple  substances, 
in  a  less  proportion  than  to  render  it  acid  to  the  taste,  the  com- 
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bination  is  called  an  oxide.  In  general,  oxygen  will  combine 
in  two,  -sometimes  three  different  proportions  with  each  of  the 
simple  substances ;  so  that  the  whole  number  of  oxides  must  be 
considerable.  That  combination  which  contains  the  least  pro- 
portion of  oxygen  is  sometimes  called,  the  protoxide;  the  next, 
the  dentoxide ;  and  the  third,  which  is  generally  the  greatest 
quantity  with  which  it  will  combine,  is  distinguished  by  the 
term  peroxide.  But  in  the  following  pages  they  are  distinguished 
by  their  colour. 

Water  is  an  oxide  of  hydrogen ;  and  the  rust  of  iron  may  be 
instanced  as  a  specimen  of  metallic  oxide.  The  oxides,  gener- 
ally, hare  a  greater  specific  gravity  than  the  metals  of  which 
they  are  composed ;  and  are  always  heavier  than  their  respec- 
tive metals  in  the  same  proportion  as  the  oxygen  combined  :  so 
that  in  the  succeeding  pages,  when  the  quantity  of  oxygen  com- 
bined is  stated,  weight  is  always  referred  to.  The  metallic 
oxides  are  mostly  in  a  pulverised  state ;  and  may  be  reduced 
by  being  intensely  heated  with  powdered  charcoal,  or  with  any 
substance  that  has  a  stronger  affinity  for  oxygen  than  the  metal 
with  which  it  is  combined.  The  degree  of  attraction,  which 
die  different  metals  possess  for  oxygen,  is,  in  the  following 
order; — manganese,  zinc,  iron,  tin,  antimony,  arsenic,  nickel^ 
cobalt,  copper,  bismuth,  mercury,  silver,  gold,  platina. 

6.  THB  ALKALIES. 

Oxygen  combines  with  two  of  the  metalloids,  viz.  potassium 
and  sodium,  in  three  proportions  each:  the  two  middle  ones 
are  distinguished  by  the  term  alkalies.  These  two  alkalies,  polos 
and  soda,  together  with  the  newly  discovered  alkali,  Uihia,  are 
called  the^xed  alkalies;  because  they  will  not  volatilize  without 
a  great  heat;  also  to  distinguish  them  from  the  fourth  alkali, 
called  the  volatile  alkali;  which  is  a  compound  of  hydrogen  and 
nitrogen,  and  is  volatile  at  all  temperatures,   (see  ammonia) 

The  distinguishing  characteristics  of  the  alkalies,  are,  their 
peculiar  acrid  taste,  their  property  of  changing  the  blue  jufcea  of 
vegetables  to  green,  the  yellow  to  brown,  rendering  oil  or  taBew 
miscible  in  water,  and  acting  as  powerful  caustics  when  implied 
to  the  flesh  of  animals. 
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7.  THB  BARTH8. 

The  combinations  of  oxygen  with  nine  of  the  simple  sub- 
stances or  metalloids  are  distinguished  by  the  name,  eartki. 
They  unite  but  in  one  proportion.  Five  of  them  are  called  sim- 
ple earths,  viz.  $iiica,  ahuninay  xirconia,  gbunna,  and  Utria. 
They  are  so  distinguished  because  they  have  neither  taste  nor 
smell,  except  glncina,  which  is  sweet  to  the  taste.  The  other 
four  are  called  alkaline  earths,  viz.  lime,  barytes,  siroHHie$,  which 
are  like  the  alkalies  in  taste,  causticity,  solubility  in  water,  and 
in  their  effect  t>n  vegetable  colours ;  and  Magnena,  which  is 
similar  to  the  alkalies  only  in  the  last  property.  But  in  several 
respects  they  all  differ  from  the  alkalies,  as  well  as  from  each 
other. 

To  these  nine  earths,  a  tenth  has  lately  been  added,  called 
tharhui.  It  is  found  in  the  mineral  called  Gadolinite, '  in  the 
propartion  of  30  per  cent.;  though  it  is  not  always  one  of  its  com- 
ponent ingredients.  It  also  occurs  in  the  deuto-fluate  of  cerium, 
and  in  the  double  fluate  of  cerium  and  ittria.  Its  colour  is 
perfectly  white ;  it  is  not  fusible  by  the  blow-pipe  unless  mixed 
with  borax  or  phosphate  of  soda,  when  it  forms  a  transparent 
glass ;  in  some  of  its  properties,  it  differs  from  all  the  earths, 
but  it  has  not  been  subjected  to  the  action  of  the  galvanic  ap- 
paratus. 

All  the  earths  are  nearly  unalterable  in  the  fire,  unless  when 
mixed  with  certain  other  substances,  which  render  some  of 
them  very  fusible.  1  hey  are  either  insoluble  in  water  or  nearly 
so,  and  more  especially  when  they  are  combined  with  carbonic 
acid;  with  which  and  other  acids,  as  well  as  with  metallic 
oxides,  they  are  often  found  united  by  nature ;  being  the  chief 
ingredients,  not  only  in  the  solid  structure  of  the  globe,  but 
i^o  in  spars,  gems,  and  precious  stones  of  almost  every 
description. 

8.  THE  ACIDS. 

When  oxygen  is  combined  with  one  or  more  of  the  simple 
substances,  and  the  compound  imports  a  sour  taste  to  the  tongue, 
ft  is  dien  called  an  acid.  Though  some  substances  are  classed 
wittk  the  acids,  which  have  not  this  sour  taste ;  and  there  are 
some  few  acids  which  do  not  contain  oxygen,  as  fluoric, 
muriatic,  &c. 

The  general  characters  of  the  acids,  are,  that  besides  their 
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taste,  they  change  the  blue,  green,  and  purple  vegetable  juices 
to  red ;  and  combine  with  the  metallic  oxides,  earths,  and  alka- 
lies in  the  formation  of  salts.  Indeed  metals  mtst  be  reduced 
to  oxides  before  they  are  soluble  in  the  acids ;  such  acids  as 
dissolve  them,  oxidize  them  during  the  process. 

Some  of  the  simple  substances  combine  with  oxygen  in  three 
proportions.  Sulphur  for  instance; — the  first  combination 
forming  an  oxide ;  and  the  other  two,  acids.  The  acid,  which 
contains  the  least  proportion  of  oxygen,  is  distinguished  by  the 
termination  ous,  as  sulphurous  or  nitrous  acid ;  and  that  which 
contains  the  most,  by  the  termination  ic,  as  sulphuric  or  nitric 
acid. 

Acids  may  be  divided  into  two  classes  :  the  first  consisting 
of  those,  which  contain  only  one  base  united  with  oxygen,  and 
which  cannot  be  decomposed  without  being  heated  with  pow- 
dered charcoal.  The  second  class  consists  of  acids  having  two 
or  more  bases,  and  which  decompose  by  mere  heat. 

The^rf^  class  of  acids:  the  sulphurous  and  sulphuric,  the 
muriatic  and  oxygenized  muriatic,  the  nitrous  and  nitric,  the 
phosphorous,  and  phosphoric,  the  fluoric,  the  boracic,  the 
arsenous  and  arsenic,  the  tungstic,  the  molybdous  and  molybdic, 
the  telluric,  chromic,  and  the  carbonic.  These  are  all  mineral 
acids. 

The  second  class  of  acids:  the  acetic,  oxalic,  tartaric,  citric, 
malic,  lactic,  gallic,  mucous,  benzoic,  succinic,  camphoric,  and 
suberic :  these  are  all  vegetable  acids.  The  laccic,  prussic, 
sebacic,  uric,  amniotic,  and  the  fluorboric; — these  are  all 
animal  acids,  except  the  last,  which  is  mineral. 

The  vegetable  acids  have  for  their  bases  various  proportions 
of  carbon  and  hydrogen;  and  the  same,  with  nitrogen,  form 
the  basis  of  the  animal  acids.  All  the  acids  of  both  classes  are 
generally  fluid,  but  some  of  them  are  gaseous,  while  others  may 
be  crystallized; — their  individual  properties  will  be  treated  of 
when  we  come  to  their  kindred  substances.  With  the  oxides, 
alkalies  and  earths,  the  mineral  acids  take  a  solid  form,  and 
thus  compose  a  large  proportion  of  the  most  abundant  of  rooks. 
The  oxides  (or  metals)  are  chiefly  found  with  the  carbonic, 
phosphoric,  sulphuric,  muriatic,  tungstic,  chromic,  molybdic, 
and  arsenic  acids.  The  alkali  potas,  with  nitric  and  carbonic; 
and  soda,  with  carbonic,  sulphuric,  muriatic,  and  boracic  acida. 
Combined  with  the  earths,  are,  carbonic,  phosphoric,  fluoric, 
anlphuric,  muriatic,  nitric,  tungstic,  boracic  and  arsenic. 
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Besides  the  above,  there  are  a  few  other  acids  sometimes 
mentioned,  but  they  are  not  mach  known.  Acids  in  general 
have  yarions  uses  both  in  art  and  nature.  The  sulphuric  seems 
to  be  the  grand  operator  in  reducing  rocks,  especially  lime- 
stones and  the  lavaS  of  volcanoes,  to  a  pulverized  state,  and  thus 
rendering  them  subservient  to  vegetation. 

9.   SALTS,    CRYSTALLIZATION,    AND  THB  NBW  NOMEN- 
CLATURE. 

The  combination  of  the  acids  with  the  oxides,  alkalies,  and 
earths  are  distinguished  by  the  general  term,  salts.  Before  they 
solidify,  or  when  salts  are  dissolved  in  water  and  suffered  to 
cool  remaining  at  rest,  they  shoot  into  crystals.  Though  some 
of  the  mineral  salts  assume  the  crystalline  texture  after  the 
mass  has  assumed  the  solid  state.  What  is  very  remarkable, 
every  salt  has  a  manner  of  crystallizing  peculiar  to  itself;  and 
forms  crystab  differently  shaped  from  those  of  any  other  salt 
Whatever  size  the  mass  of  the  salt  may  be,  wheUier  the  vast 
rock  of  the  mountain,  the  small  pellucid  gem,  or  the  diminutive 
sparkling  cube  of  common  table  salt,  all  are  formed  according 
to  the  arrangement  which  the  original  particles  or  molecules 
assume  among  themselves,  and  according  to  the  peculiar  man- 
ner of  the  crystallization  of  that  salt.  And  whether  the  artist 
would  split  or  polish  a  block  of  marble,  or  a  precious  gem,  he 
must  do  it,  if  he  would  do  it  successfully,  according  to  the  grain 
of  the  crystal. 

In  most  cases  crystals  cannot  be  formed  without  water,  and 
to  its  presence  is  generally  owing  their  semi  transparency;  yet, 
some  salts  crystallize  without  water,  others  with  very  little,  but 
some  require  more  than  their  own  weight.  This  water  is  always 
in  definite  proportions,  becomes  an  integrant  part  of  that  salt 
or  crystal,  and  is  called  the  water  of  crystallization.  That  water, 
which  remains  after  the  crystals  are  formed,  is  called  the  mother 
waters:  it  is  also  in  definite  proportions,  being  that  necessary 
to  hold  the  salts  in  solution.  But  generally  two  or  three 
crops  of  crystals  may  be  obtained  from  the  same  water.  Light 
is  found  to  be  a  great  promoter  of  crystallization;  indeed 
some  salts  will  not  crystallize  without  being  exposed  to  it:  and 
in  all  cases,  that  side  of  the  vessel,  which  has  the  most  light, 
crystallizes  better  than  the  other. 

Some  salts,  when  exposed  to  the  air,  lose  their  water  of  crys- 
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iallization  and  fall  into  powder ;  others  attract  water  from  tho 
atmosphere  and  become  liquid ;  in  the  former  case,  they  are 
said  to  effloresce,  and  in  the  latter,  to  deliquesce.  Though  some 
salts  thus  dissolve  by  mere  exposure  to  the  air,  others  will  hardly 
dissolve  in  water,  and  some  not  at  all.  If  they  require  more 
than  1000  times  their  weight  of  water  to  dissolve  them,  they 
are  generally  said  to  be  insoluble  in  water.  All  salts  dissolve 
more  rapidly  in  hot  water  than  in  cold,  except  muriate  of  soda. 

But  this  account  of  crystallization  is  not  confined  merely  to 
salts  or  the  chemisfs  labratory  ;  for  all  substances  both  simple 
and  compound,  when  solved  either  by  heat  or  any  other  sol- 
Tent,  under  favourable  circumstances,  always  crystallize  while 
becoming  solid.  If  melted  metal  stand  and  cool  till  a  crust  be 
formed  over  the  surface,  and  that  crust  be  taken  off  and  ex- 
amined, the  crystalline  texture  will  be  seen.  The  crystalline 
form  of  tallow  or  fat  is  evident  on  the  surface  or  round  the 
edges  of  a  dish  wherein  it  has  passed  from  a  fluid  to  a  solid 
state ;  and  water,  soon  after  being  cooled  to  the  freezing  point, 
begins  to  shoot  into  crystals  of  incipient  ice.  ''  In  combina- 
tions," says  Sir  H.  Davy,  "  certain  bodies  form  regular  solids  ; 
and  all  the  varieties  of  crystalline  aggregates  have  been  resolved 
by  the  genius  of  Haiiy  into  a  few  primary  forms.  The  laws  of 
crystallization,  of  definite  proportions,  and  of  the  electric  polari- 
ties of  bodies  seem  to  be  intimately  related ;  and  the  complete 
illustration  of  their  connection  will  probably  constitute  the  ma- 
ture age  of  chemistry."     See  Mineralogy,  Chap.  XII. 

The  salts  are  supposed  to  be  2000  in  number;  but  though 
they  are  so  many,  the  chemist,  by  what  is  called  the  new 
nomenclature,  is  enabled  to  recognize  them  all  with  their  com- 
position as  easily  as  if  there  were  no  more  than  two  or  three. 

Each  salt  has  two  names;  the  first  signifying  the  acid,  and 
the  other  the  base.  If  the  acid  ending  in  ic  is  used,  then  the 
salt  is  known  by  ending  in  ate;  as  sulphate  of  iron,  composed 
of  sulphuric  acid  and  oxide  of  iron.  If  the  acid  in  <ms  is  used, 
the  first  name  of  the  salt  ends  in  t/e,  as  sulphite  of  soda.  ^ 

When  two  simple  substances  are  combined  together  without 
the  intervention  of  oxygen,  they  are  known  by  the  termination 
et,  as  sulphuret  of  iron,  that  is,  iron  and  sulphur  (martial 
pyrites)  but  no  oxygen.     Carburet  of  iron,  Arc. 

Salts  are  called  neutral  salts,  when  the  acid  and  the  base  are 
combined  in  such  proportion,  that  they  completely  cover  each 
other: — in  this  case  they  will  not  act  on  any  thing  without  being 
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decomposed.  Bat  should  there  be  au  excess  of  either  acid  or 
base,  they  have  other  distinctions.  If  the  acid  predominates, 
the  salt  has  the  word  iuper  prefij:ed,  as  supertartrate  of  potas. 
But  if  the  base  exceeds  the  acid,  then,  the  word  suh  is  used,  as 
snbborate  of  soda. 

The  advantages  arising  from  the  adoption  of  the  new, nomen- 
clature, are  evidently  very  great.  By  the  old  mojde  of  naming 
,  salts,  no  true  idea  whatever  was  conveyed  of  their  composition; 
but  YCTj  often  an  erroneons  one.  For  insta4ce,  green  copperas 
conveys  the  idea  of  containing  copper ;  whereas  it  is  coi)[ipose^ 
of  sulphur,  oxygen  and  iron,  and  is  what  is  now  called  sulphate 
of  iron.  Any  one  using  the  word  Glauber's  salts^  Epsom  salts, 
or  gypsum,  would  convey  no  idea  of  their  composition  to  an- 
other. But  call  them  by  their  new  names,  sulphate,  of  soda, 
sulphate  of  magnesia,  and  sulphate  of  lime,  and  he  knows  at 
once  their  composition.  Black  lead  is  anotl^er  instance  of 
erroneous  lippelladon ;  it  contains  no  lead,  being  a  carburet  of 
iron.  The  same  remarks  will  apply  %o>  some  of  the  acids. 
Sulphuric  acid  was  once  called  oil  of  vitriol ;  whereas  it  has  no 
property  whatever  of  an  oil,  being  composed  of  sulphur  and 
oxygen;  but  all  pure  oils  are  composed  of  carbon  and  hydrogen. 

10.   OXIOATION  AND  OXYGENIZATION. 

Though  the  principle  of  all  the  combinations  of  oxygen  is 
the  same ;  yet,  by  reason  of  the  different  affinities,  as  well  as 
the  disposition  of  the  elements,  its  modes  of  combining  may  be 
divided  into  three  classes;  vis,  oxidation,  and  oxygenization, 
combustion  and  explosion. 

When  a  substance  is  combined  with  a  less  quantity  of  oxygen 
than  constitutes  an  acid,  it  is  said  to  be  oxidized ;  but  if  an  acid 
is  formed,  it  is  then  distinguished  by  the  term  oxygenized ; 
though  these  distinctions  are  not  always  observed. 

Oxidations  are  continually,  though  in  many  cases,  impercep- 
tibly going  on.  Even  the  air  we  breathe  is  converted  both  into 
an  oxide  and  an  acid  within  the  body.  A  part  of  it  combines 
with  the  hydrogen  composing  our  food,  and  forms  water;  and 
another,  part  cMnbines  with  the  carbon  and  forms  carbonic  acid. 
These  are  also  formed  at  the  dissolution' of  animal  and  vegetable 
siri>8taaoes;  most  of  the  metals  are  oxidized  nrhen  exposed  to 
the  air,  especially  if  moist.  But  in  most  of  these  cases,  except 
duriiq^  the  putrefaction  of  some  animal  substances,  an  old  log 
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of  wood,  or  wherever  there  is  phosphorus,  no  light  or  heat 
is  perceptible:  it  being  so  much  dissipated  by  the  slowness  of 
the  process,  ^et  the  products  of  M  combinations  are  the 
same,  viz.  oxides,  alkalies,  earths,  acids  or  salts.  Hence  all 
substances,  as  has  already  been  stated,  may  be  divided  into  two 
classes,  viz,  combustibles  and  incombustibles. 

That  the  metals  are  combustible,  one  instance  may  serve  as  a 
proof.  Take  a  thin  shaving  of  iron,  or  a  piece  of  very  small 
wire  of  that  metal,  and  twist  it  into  the  shape  of  a  cork-screw. 
Fix  on  one  end  a  piece  of  cotton  dipt  in  tallow,  or  a  piece  of 
inflammable  wood,  and  fasten  the  other  end  to  the  underside  of 
a  cork,  that  will  just  fit  the  mouth  of  a  glass  jar  filled  with 
oxygen  gas.  Then  light  the  cotton  or  wood,  and  put  it  and  the 
wire  into  the  jar,  stopping  the  mouth  with  the  cork.  WhOe 
the  metal  is  thus  suspended,  it  will  be  seen  to  burn  or  unite  with 
the  oxygen  gas,  throwing  out  the  most  brilliant  sparks  and  cor- 
ruscations  of  light,  and  producing  a  very  striking  phenomenon. 
If  the  product  be  carefully  examined,  it  will  be  found  to  con- 
sist of  the  black  or  green  oxide  of  iron,  and  will  weigh  exactly 
as  much  as  the  conjoined  weights  of  the  gas  and  metal  con- 
sumed. Several  other  instances  of  the  combustibility  of  the 
metals  in  oxygen  gas,  as  well  as  in  chlorine  gas,  might  be  given; 
but  this  will  suffice  for  the  present,  as  we  shall  have  to  mention 
them  when  we  treat  of  the  metals. 

When  saccharine  liquors  are  exposed  to  the  air,  under 
favourable  circumstances,  they  undergo  three  successive  fer- 
mentations before  tbey  arrive  at  the  ultimate  arrangement  of 
carbon  and  hydrogen  with  oxygen.  Each  fermentation  is 
effected  by  the  materials  imbibing  a  fresh  dose  of  oxygen  from 
the  atmosphere,  and  by  the  carbon  and  hydrogen  uniting,  per- 
haps, more  closely  with  that  already  possessed.  For,  though 
all  vegetable  juices  contain  a  considerable  quantity  of  oxygen, 
they  do  not  contain  the  definite  proportion  of  water  and  car- 
bonic acid ;  and,  therefore,  the  oxygen  which  they  do  contain 
is,  perhaps,  not  very  closely  combined  till  more  is  obtained  from 
the  atmosphere.  Thus :  100 lbs.  of  sugar  consist  of  64 lbs.  of 
oxygen,  28lbs.  of  carbon  and  8lbs.  of  hydrogen.  Now  28lbs. 
of  carbon  will  require  for  the  formation  of  carbonic  acid,  72 lbs. 
of  oxygen;  and  8lbs.  of  hydrogen  will  require  68 lbs.  9os.  of 
oxygen  for  the  formation  of  water;  but  T2+ 58*9=  130 lbs.  9os. 
of  oxygen;  and- the  sugar  contains  only  64lbs.:  therefore,  pre- 
viously to  100  lbs.  of  sugar  arriving  at  its  ultimatum  of  oxygeni- 
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cation,  it  will  take  in  three  distinct  doses  of  oxygen,  till  it  has 
imbibed  no  less  than  66 lbs.  9oz.  from  the  atmosphere.  It  is 
perhaps  necessary  to  remark,  that,  before  sugar  will  ferment 
and  acidify  rapidly,  a  large  quantity  of  water  must  be  added  as 
a  menstruum,  and  yeast  to  commence  the  fermentation;  but 
this  does  not  affect  the  principle  of  the  above  calculation.  The  * 
bubbling  up,  which  we  called  fermentation,  is  caused  by  the 
caloric  escaping,  produced  by  the  union  of  the  electric  fluids ; 
and,  also,  by  the  continual  evolution  of  the  carbonic  acid, 
which  is  all  the  while  flying  off*  and  escaping  into  the  atmo- 
sphere. 

Besides  the  above  process  in  vegetable  substances,  oxygen  is 
also  the  cause  of  rancidity  in  butter,  oil,  candles,  salt  meats,  &c. 
by  combining  with  their  carbon  and  hydrogen,  and  producing 
in  them  sebacic  acid. 

11.  COMBUSTIOK. 

The  substances  generally  used  for  combustion,  are,  if  we 
consider  coal  and  other  bituminous  fossils  of  this  origin,  vege- 
table productions,  and  the  fat  of  animals.  They  are  the  store- 
houses of  the  positive  electricity,  and  want  of  density  or  cohe- 
sive attraction  is  their  most  prominent  characteristic.  Their 
texture,  therefore,  being  loose,  they  are  the  more  easily  dis- 
solved ;  and  the  oxygen,  original  particle  with  original  particle, 
combines  with  the  greater  facility.  In  general,  a  high  tem- 
perature is  necessary  for  the  commencemenr  of  the  combination; 
but  occasionally  they  contain  a  sufficiency  of  latent  caloric  for 
this  purpose — only  it  requires  its  energies  resuscitated  by 
compression  or  friction.  Such  is  the  quantity  of  latent  caloric 
in  iron,  that  by  smart  hammering  it  may  be  made  red  hot ;  and 
by  the  percussion  of  flint  and  steel  a  particle  of  melted  iron  is 
struck  off.  But  in  all  substances  friction  produces  heat,  by  ex- 
erting a  very  great  compression  on  a  very  few  particles :  for 
even  in  striking  a  light  the  blow  must  be  given  in  the  manner  of 
firiotion,  so  that  the  steel  must  be  struck  by  the  flint  obliquely, 
and  not  perpendicularly  to  its  surface.  Caloric  thus  put  in 
motion,  even  in  wood,  is  sufficient  to  commence  its  combination 
with  the  oxygen  of  the  atmosphere.  The  inhabitants  of  some 
parts  of  America^  and  of  some  of  the  South  Sea  islands,  are 
said  to  have  a  mode  of  producing  fire  by  rubbing  two  pieces  of 
hard  dried  wood  rapidly  together.    The  friction,  arising  from 
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the  violent  agitation  of  the  hranches  of  trees  by  the  wind,  is 
said  to  have  set  forests  on  fire  in  America ;  and  accidents  in 
machinery,  caused  by  their  being  set  on  fire  by  friction,  fre- 
quently happen. 

When  combustibles,  such  as  wood,  coal,  or  oil,  are  heated  in 
the  air  to  a  certain  temperature,  viz.  800 degrees,  all  of  a  sud- 
den they  commence  a  rapid  combination  with  the  oxygen  gas 
of  the  atmosphere,  throwing  out  a  vast  quantity  of  light  and 
heat,  formed  by  the  union  of  the  negative  fluid  of  the  oxygen 
and  the  positive  of  the  hydrogen  and  carbon  of  the  combustible. 
One  portion  of  the  oxygen  unites  with  the  hydrogen  to  form 
water,  which  escapes  as  invisible  vapour;  and  the  other  with 
the  carbon  to  form  carbonic  acid  gas,  which  is  also  invisible. 
Oxides  or  acids  are  always  produced  by  combustion,  as  well  as 
by  all  other  chemical  combinations,  where  oxygen  is  an  agent. 
And  should  a  combustible  be  composed  of  a  number  of  simple 
substances,  they  will,  during  the  process,  take  in  a  doze  of 
oxygen  sufficient  to  convert  them  into  their  respective  oxides, 
alkalies,  earths  or  acids. 

That  we  may  have  some  idea  of  the  combustive  process  by 
calculation,  we  will  take  a  lamp  with  olive  oil  for  the  combus- 
tible. Now  the  cotton  which  forms  the  wick  is  composed  of 
carbon,  oxygen  and  hydrogen ;  and  the  oil  is  composed  of  79 
carbon  to  21  hydrogen  per  cent  Before  the  wick  -or  pil  attains 
the  temperature  of  800  degrees,  part  of  i^>  viz.  the  bydtog^n 
with  some  of  the  carbon,  is  converted  into  earburetted  hydro- 
gen gas :  the  flame  is  this  gas  combining  with  oxjygen.  For* 
flying  off*in  a  stream,  the  hydrogen  is  inflamed  first,  and  is  com- 
bined principally  at  the  lower  part  of  the  flame  ^  anc)  burning 
with  a  faint,  almost  invisible,  blue  flame,  occasions  the  flame  to 
appear  blue  around  the  bottom :  and  as  the  gas  is  formed  at  a 
lower  temperature  than  that  at  which  the  combination  with 
oxygen  commences,  so  the  lower  part  of  the  flame  does  not 
exactly  touch  the  wick.  The  heat,  which  the  hydrogen  thus 
produces,  renders  the  carbon  red  hot,,  when  it  combines  also ; 
-whioby  burning  with  a  red  light,  gives  that  colour  to  the  upper 
part  of  the  flame.  But  should  the  igpited  part  of  the  wick  be 
so  long  that  the  gas  is  combined  at  the  bottom,  and  at  suoli  a 
distance  that  there  is  not  heat  snflicient  to  raise  t|ie  vemainiBg 
carbon  of  the  wick  to  a  combining  temperature,  it  will  escape 
as  thick  smoke,  causing  a  dim  light  If  this  smoke  be  coUectad, 
it  will  be  found  to  be  oharcoal  or  lamp-black.    On  such  ocoa> 
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•ions  we  nsually  remedy  the  defect  hy  the  applictttion  of  the 
snuffers. 

Now  that  we  may  ascertain  the  quantity  of  oxygen  gas  thus 
combined,  and  also  the  quantity  of  the  products.  Light  and 
heat  we  cannot  measure.  But  for  the  sake  of  convenience  in 
calculation,  we  will  suppose  100 oz.  of  olive  oil  consumed;  and 
taking  no  notice  of  the  wick,  we  shall  have  79 oz  of  carbon  and 
21  oz.  of  hydrogen.  The  carbon,  therefore,  taking  in  its  foil 
dose  of  oxygen,  which  as  well  as  hydrogen  it  always  does  iu 
combustion,  will  produce  282f  oz.  of  carbonic  acid;  and  th& 
hydrogen,  175  oz.  of  water.  Therefore,  357^  oz.  of  oxygen  will 
have  been  taken  from  the  oxygen  gas  of  the  atmosphere.. 
Mixed  with  this  gas  were  about  1178^ oz.  of  nitrogen  gas; 
which  together  make  ]536oz.  of  atmospheric  air.  And  as  a 
cubic  foot  of  atmospheric  air  at  the  earth's  surface,  and  at  the 
mean  temperature  of  our  climate,  weighs  about  l^oz.:  conse« 
quently,  for  the  combustion  of  lOOoz.  of  olive  oil,  1 152  cubic 
feet  of  atmospheric  air  are  required, — which  is  the  exact 
quantity  contained  in  a  room  12  feet  square  and  8  feet  in  height. 
Were  this  oil,  therefore,  so  burnt  in  that  room,  and  the  doors 
and  windows  so  tight  that  no  fresh  air  could  be  admitted,  at  the 
time  when  the  oil  was  consumed,  the  whole  of  the  oxygen  gas 
would  be  combined ;  and  as  it  takes  just  a  cubic  inch  of  oxygen 
gas  to  form  the  same  bulk  of  carbonic  acid  gas,  and  the  nitro- 
gen remains  unaltered,  therefore,  the  room  would  contain  the 
same  measure  of  gases  as  before.  But  as  there  would  exist 
176 oz.  of  water,  some  condensed  perhaps  against  the  ceiling, 
and  walls,  and  the  other  still  in  vapour,  the  room  might  bo 
said  to  be  fuller, — its  contents  being  more  compressed.  But 
as  it  now  contains  no  oxygen  gas,  it  is  evident,  that  were  an 
animal  in  the  room,  it  would  soon  be  deprived  of  life  for  want 
of  vital  air. 

However  it  is  ascertained  that  atmospheric  air,  after  it  has 
been  once  breathed,  is  so  loaded  with  vapour  and  carbonic  acid 
gas,  and  deprived  of  so  much  oxygen,  that  it  will  not  support 
coaibustion.  Now  it  is  found  to  lose  at  one  inspiration  about  a 
sixth  part  of  its  oxygen;  and  allowing  no  more  vapour  and 
carbonic  acid  to  be  respired  than  is  formed  from  the  inspked 
ozygen,  it  perhaps  might  require  the  air  of  five  or  six  suoh 
rooms  for  the  combustion  of  the  oil. 

According  to  Lavoisier,  a  middle  sized  man  in  good  h^altb 
oonsmnes  in  24  hours  32  oz.  troy  of  oxygen  gas,  which  is  MQ 
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grains  per  hoar.  And  as  100  cubic  inches  of  oxygen  gas 
weigh  34  grains,  he  will  consume  1882  cubic  inches  every 
hour.  Now  at  each  inspiration  he  takes  into  his  lungs  42  cubic 
inches  of  atmospheric  air;  and  as  he  makes  about  1200  inspi- 
rations per  hour,  he  must,  at  each  inspiration,  take  into  the 
blood  1*56  cubic  inches.  He  would  therefore  consume  all  the 
oxygen  of  the  above  room  in  267  hrs.  60min.;  or  breathe  the 
air  all  once  over  in  30|^  hours. 

The  process  of  combustion  in  all  common  fires  is  the  same, 
only  the  combustible  materials  are  not  so  well  disposed ;  and 
gas,  especially  in  common  coal  fires,  is  sometimes  generated 
where  there  is  not  a  sufficiency  of  heat  to  inflame  it  In  this 
case,  it  never  fails  to  carry  ofi*  some  of  the  undissolved  mate- 
rials, as  coal  oil,  tar,  and  ammoniacal  watery  particles,  which, 
ascending  with  the  real  products  of  combustion,  form  smoke 
and  soot  But  should  there  be  any  simple  combustible  present 
which  will  not  volatilize  in  the  common  fire,  as  is  the  case  with 
the  metals,  then  the  oxide,  alkali,  or  earth  remains  among  the 
ashes.  But  the  main  part  of  the  ashes  in  our  common  coal 
fires,  after  the  cinders  or  carbonaceous  materials  are  consumed, 
consists  of  earthy  substances,  chiefly  of  the  aluminous  kind, 
which  were  component  ingredients  of  the  coal.  The  inflam- 
mable parts,  or  what  are  of  real  value,  for  nothing  else  gives 
useful  light  and  heat,  are  hydrogen  and  carbon;  and  these 
leave  no  ashes.  As  soon  as  the  hydrogen  is  gone,  the  flame 
ceases;  because  there  can  be  no  more  inflammable  gas  generated. 
But  the  coke  or  cinders  continue  (o  afibrd  a  very  intense  heat, 
and  carbonic  acid  gas  alone  is  plentifully  evolved,  till  the  whole 
of  the  carbon  is  combined,  and  nothing  remains  but  red  hot 
earthy  substances. 

The  quantity  of  smoke,  that  is,  carburetted  hydrogen  gas, 
oil,  tar,  and  undissolved  flakes  of  carbon,  extricated  from  com- 
mon coal  fires  in  large  towns,  and  the  fires  of  forges,  steam 
engfnes  &c,  is  very  considerable;  and  doubtless  very  materially 
diminishes  the  salubrity  of  the  atmospheric  air.  The  public 
are,  therefore,  benefited  by  the  Act  of  parliament  which  en- 
forces the  adoption  of  such  fire  places  as  occasion  steam-engines 
to  consume  their  own  smoke;  that  is,  by  the  admission  of  a 
blast  of  fresh  air  into  the  hot  part  of  the  flue,  to  convert  all 
the  carbon  into  invisible  carbonic  acid  gas.  But  whoever  will 
consider  that  carbonic  acid  gas  is  the  ultimatum  of  all  cam- 
bastion  of  carbon;  and  how  much  is  evolved  firom  every  fire 
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and  candle,  from  putrefaction,  and  the  lungs  of  the  thousands 
of  people  and  animab  inhabiting  populous  cities;  and  reflect 
that  this  gas  is  what  principally  renders  air  unwholesome,  must 
smile  when  he  hears  or  reads  of  the  enforcement  of  the  above 
act,  rendering  the  air  of  our  crouded  cities  as  salubrious  as 
that  of  the  open  country. 

12.   EXPLOSION. 

The  first  and  second  classes  of  combinations  are  principally 
effected  by  the  extrication  of  oxygen  gas  from  the  atmosphere; 
but  the  combustibles  of  the  third  class  generally  contain  the 
oxygen  among  themselves.  That  is,  some  of  the  most  inflam- 
mable of  the  combustible  substances  are  mixed  with  an  oxide, 
acid  or  salt,  whose  base  has  a  very  slight  affinity  for  the  oxygen 
with  which  it  is  combined.  Gunpowder,  and  all  fulminating 
compositions,  are  of  this  description. 

Gunpowder  consists  of  15  carbon  or  charcoal,  9  sulphur  and 
76  nitre,  per  cent  Now  nitre,  (saltpetre,  or  nitrate  of  potas) 
consists  of  46}  potas  to  68^  nitric  acid;  which  acid  is  composed 
of  26  nitrogen  to  74  oxygen  per  cent.  The  composition  of  gun- 
powder will,  therefore,  stand  thus :  16  carbon,  9  sulphur,  35*53 
potas,  10*52  nitrogen,  and  29*95  oxygen.  Nitrogen  and  potas, 
which  is  already  an  oxide,  have  a  very  slight  affinity  for  oxygen, 
and  carbon  and  sulphur,  when  at  a  sufficient  temperature,  the 
greatest  next  to  hydrogen  of  all  known  substances.  Therefore, 
when  these  two  simple  substances  and  nitrogen  are  triturated 
together  in  making  gunpowder,  the  nitre,  (and  consequently 
the  oxygen,)  is  blended  with  the  two  combustibles,  but  they 
are  not  chemically  combined. 

.  The  combustibles  and  oxygen  are  therefore  brought  together, 
almost  original  particle  to  original  particle;  so  that  when  a 
spark  falls  upon  such  a  composition,  though  ever  so  small,  the 
particles  on  which  it  does  fall  are  raised  to  the  proper  tempera- 
ture for  the  combination.  For  it  is  found  that  the  spark  struck 
off  by  the  collision  of  flint  and  steel  is  a  globule  of  melted  iron, 
and  iron  does  not  fuse  till  it  acquires  a  most  intense  white  heat; 
however  a  much  lower  temperature  will  cause  the  sulphur  to 
unite.  This  spark  then  commences  the  chemical  combination, 
and  as  the  oxygen  is  already  disposed,  particle  to  particle,  with 
the  carbon  and  sulphur,  there  is  no  impediment,  such  as  is 
caused  by  burning  the  same  combustibles  in  the  open  air,  when 
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the  supply  of  oxygen  rhvat  first  pass  to  the  plaee,  be  sepsrscted 
from  the  nitrogen,  and  the  heat  must  decompose  or  rend  aann- 
der  the  materials  before  the  oxygen  can  be  admitted;  conse^ 
qnently,  the  whole  combines  as  quick  as  a  flash  of  lightning. 
They  are  converted  into  their  respective  gases,  viz.  carboniCy 
and  sulphurous  acid  gas.  The  nitrogen  also  takes  its  gaseous 
form,  and  some  of  the  sulphur  combines  with  the  potas,  and 
is  what  renders  foul,  and  causes  the  disagreeable  smell  in  a 
Jrecently  fired  gun.  The  caloric  produced  by  the  union  of  the 
two  electric  fluids  from  the  combining  elements  gives  additional 
elasticity  to  what  each  gas  possesses  peculiar  to  itself;  and  thus 
are  produced  all  the  surprizing  effects  we  see  in  blasting  and 
gunnery. 

The  Greek  Wild-fire  was  a  curious  composition  used  by  the 
ancients.     But  the  art  of  making  it  was  lost  so  long  that  its 
having  ever  existed  began  to  be  doubted.     When  it  was  at 
length  regained  by  the  knowledge  of  chemical  affinities,  and 
soon  after  an  old  Latin  manuscript,  describing  its  composition^ 
was  found  in  the  Library  of  the  Elector  of  Bavaria.     A  portion 
of  nitre,  sulphur,  resin,  alcohol,  camphor,  and  other  combusti- 
bles are  melted  together,  woollen  cords  are  then  dipped  into 
the  fluid  and  rolled  up  in  balls.    The  end  of  the  cord  is  set  on 
fire,  and  the  ball  is  thrown  into  the  enemy's  camp  or  ships. 
The  combustibles  are  supplied  with  oxygen  from  the  nitre,  so 
that  nothing  can  quench  the  fire,  not  even  if  the  bail  be  plunged 
in  water.     It  was  discovered  about,  or  not  long  after  the  time 
of  Constantine  the  Great,  and  continued  in  use  till  the  inven- 
tion of  gunpowder.    The  art  of  making  it  was  preserved  at 
Constantinople  as  the  palladium  df  the  state;  and  it  more  than 
once  saved  that  city  from  the  fury  of  the  Saracens.    At  length 
it  got  into  the  hands  of  the  Saracens,  and  was  used  with  deadly 
effect  against  the  Christians  in  the  Holy  Wars.     It  was  em- 
ployed with  equal  effect  both  by  sea  and  land,  in  battles,  and 
in  seiges,   being  poured  from  ramparts   in  large   boilers^  or 
launched  in  red  hot  balls  of  stone  and  iron,  or  darted  along  with 
arrows  and  javelins.     Sometimes  it  was  used  in  fire  ships^  and 
blown  through  long  copper  tubes,  from  the  prows.     The  on- 
fioes  were  fancifully  shaped  like  the  mouths  of  savage  monaCers^ 
that  thus  seemed  to  vomit  a  stream  of  fire.     In  battles  by  land» 
it  was  occasionally  hurled,  by  their  large  engines  used  for  pro- 
jecttBg  ponderous  stones,  among  the  enemy,  scattecing  terror 
and  dismay.    It  is  described,  by  those  who  saw  it  used  by  llie 
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SarftcenSy  as  coming  flying  throagh  the  air  like  a  winged  long^ 
tailed  dragon,  about  the  thickness  of  a  hogshead,  with  the 
report  of  thander  and  the  velocity  of  lightning.  It  therefore 
wrought  a  great  change  in  the  art  of  war,  but  not  such  a  revo- 
lution as  that  occasioned  by  the  introduction  of  gunpowder. 

Fulminating  gold  is  an  oxide  of  gold  and  ammonia,  which 
will  explode  by  a  very  gentle  heat  or  slight  friction.  What 
were  sold  a  few  years  ago  under  the  name  of  fulminating  and 
detonating  balls,  were  a  composition  of  hyper-oxymuriates  of 
ttlver  and  sulphur.  The  hyper-oxymuriates,  retaining  a  large 
quantity  of  oxygen  by  a  very  slight  attraction,  are  very  explo- 
sive. But  as  some  have  lost  their  lives,  others  their  fingers  and 
eye-sight  by  operating  on  these  eompositions,  the  best  that  can 
be  said  respecting  them,  is,  in  the  way  of  endeavouripg  to  deter 
all  from  tampering  with  them. 

Explosions  in  coal  mines  are  caused  by  carburetted  hydrogen 
gaa.  What  occasions  explosion  and  not  burning,  as  in  a  lamp, 
18^  the  inflammable  gas  being  blended  with  the  atmospheric  air, 
so  that  the  particles  of  the  oxygen  of  the  atmosphere  are  regu- 
larly disposed  with  those  of  the  hydrogen  and  carbon,  in  the 
most  favourable  position  for  uniting  without  any  motion  from  a 
distance ;  therefore,  when  entered  by  a  lighted  candle,  the  ex- 
^osion  of  the  whole  is  simultaneous,  or  as  but  one  flash.  Car- 
bonic acid  gas  is  here  also  formed,  so  that  the  workmen  are 
always  on  their  guard  against  the  choke-damp,  when  a  pit  is 
entered  that  has  been  fired  by  the  fire-damp.  See  Chap.  XI.  s.  4. 

13.   SPONTANEOUS  COMBUSTION. 

.  This  mode  of  combination  is  nearly  allied  to  explosion,  since 
in  most  cases,  it  arises  from  the  contact  of  oxides  or  acids 
with  some  of  the  most  inflammable  combustibles;  some  of 
which,  as  phosphuretted  hydrogen  gas,  will  inflame  by  mere 
exposure  to  the  air;  and  others  by  mere  mixture.  When  nitrous 
acid  is  mixed  with  half  its  weight  of  strong  sulphureous  acid, 
and  then  poured  into  oil  of  turpentine,  the  whole  bursts  into  a 
flame  with  violent  and  dangerous  splashings  and  e^plo^ions.. 
The  metalloid  potassium  inflames  when  thrown  on  water  and 
even  ice;  and,  if  iron  filings  and  flowers  of  brimstone  are 
kneaded  with  water  into  a  paste,  the  iron  will  decompose  the 
water,  absorbing  the  oxygen  and  disengaging  sufficient  caloric 
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to  4iet  the  4Hilphary  and  conseqvently  the  hydrogen,  cm  fire,  eyen 
tliougli  buried  underground.  Coals  containing  martial  pyrites 
(anlpkuretof  iron)  liave  taken  fire  spontaneously  in  daiap  celkun; 
«nd.  ships  at  sea  hare  been  so  fired,  and  consequently  lost,  bj 
their  store  or  load  of  coals  containing  pyrites  and  being  damp. 

On  this  last  principle  of  spontaneous  combustion  have  some  en- 
deavoured to  found  a  theory  of  volcanoes.  Large  beds  of  martial 
{^3rrites  abound  in  the  bowels  of  the  earth  in  many  parts  of  the 
globe.  Therefore,  when  water  oozes  through  the  fissures  of  rocks 
•nd  reaches  these  hidden  mines,  they  take  fire;  and  steam  or  gas, 
hy  its  expansive  force,  lifto  up  the  superincumbent  earth,  form- 
ing a  hollow  beneath  into  which  more  waiter  eaters;  and  the 
power  is  thus  increased  till  the  strong  ribs  of  the  world  itself 
are  rent  asunder,  and  the  earth's  red  hot  entrails  are  spouted 
into  the  air  with  all  the  horrors  and  devastations  of  a  volcano. 

Charcoal,  oily  substances,  and  some  substanoes  that  may 
chance  to  have  oil  spilled  among  them,  when  in  large  masses, 
are  extremely  subject  to  spontaneous  combustion.  Fermenta- 
tion of  every  description,  where  the  cidoric  produced  cannot  be 
dissipated,  will  occasion  it.  Instances  of  this  kind  are  ^e  most 
frequent  among  stacks  of  hay  and  corn,  when  they  have  been 
put  together  with  too  much  moistare  in  them.  The  water 
serving  as  a  solvent  that  commences  a  fermeatatton  in  the  sap, 
in  which  is  a  great  deal  of  oxygen  along /with  its  carbon  <aBd 
hydrogen.  By  the  compressure,  occasioned  by  so  lai^  « 
quantity  of  matter  being  piled  up  together,  the  elements  «Btor 
into  new  combinations,  evolving  a  large  quantity  of  caloric, 
sometimes  sufficient  to  inflame  the  whole. 

There  are  several  curious  instances  of  spontaneous  combus- 
tion mentioned  in  vol.  VI.  of  "  Polehampton's  Gallery  of  Na- 
ture and  Art"  One  of  the  human  body  in  particular;  vis.  an 
elderly,  sedentary  woman,  who  had  been  much  addicted  toihe 
use  of  spirituous  liquors,  when  alone,  caught  fire,  either  aeoi- 
dentally  or  spontaneously  ;  yet,  though  the  whole  of  her  body, 
bones  and  all,  were  consumed,  so  feeble  had  been  Uie  flame, 
that  the  chair  on  whioh  she  sat,  was  only  black  and  oily,  and 
not  burnt 
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14.  WABMtViQ  ROOW9. 

In  tbe  prsetiee  of  wapnuhig  roovn  by  owr  eommoor  BnglMi 
method  of  an  op«iif  fire,  a  cottdmial  stteam  of  air  i»  a)#ay» 
rnshiog  tor«rards  the  fire  place  to  supply  the  combastion;  asd»  of 
covpse,  a  fresh  supply,  firmn  without  labe  room  ni«tt  be  iiacH  ®oi^* 
tiBiiatiy  whistKtig  and  smging  tinrough  the  key  hole  op  crev^^ea 
<^  the  door  and  windows.  Shoukl  these  be  made'  air  tight^  il 
■MHt  be  obtained  down  the  chimney  at  the  expend^  of  asmefcy 
vosm  or  a  disagrctable  smell.  Because  the  vaponrv  tte  carbonie 
aeid  gas,  the  tfitrogen  gas,  as  akio  the  fames  of  snl^nr  whiob 
often  abounds  hi  coat,  are  erolved  fnta^room/  rather thM 
earric»d  up  th^  chnqney:  For  the  princifrfcp  en  whiph- moko 
awsendi^,  is>  that  of  ittf  behig  rttrefed  by  hnrati  lifis  therel^te 
pUSKMd  d«t  of  it9  ^«c«  by  the  MnronndinSr  coU»a«ld  d^tae-a^ 
inA  VI  riees  opward  Iftee  theasoensfon^  of  an  atr  balli>«n»  Bi^ 
sknoM  the  oxygen  gae*  thaliift  to  snpperk  tke^eoniUwtMH  hav4^ 
to  come  down  the  chinmeyf  or  slMidd'the^fire'  be.ckxHi^  at  the 
top,  so  that  the  air  is  not  rarefied  by  the  heat  at  the  most 
faroorable  place  for  ascending;  or  the  fire  place  be  so  wide  that 
the  heated  carbonic  acid  gits  be  cooled  before  it  enter  the  gorge 
of  the  chimney,  in  which  case  it  is  heavier  than  atmospheric 
air,  and  of  course  will  not  ascend : — in  all  or  any  of  these  cases, 
a  smoky  room  must  be  the  consequence. 

On  the  continent,  rooms  are  generally  warmed  by  a  fire  out- 
side with  flues  going  round  like  those  in  our  garden  hot-houses. 
By  this  method  less  fuel  is  needed,  the  rooms  are  free  from 
smoke,  and  the  inmates  are  kept  more  regularly  warm,  without 
the  inconvenience  of  being  exposed  to  currents  of  cold  air, 
while  the  temperature  of  the  room  may  be  regulated  by  a  ther- 
mometer. Foreigners  consider  their  method  much  superior  to 
ours ;  and  pretend  to  laugh  at  the  Englishman  for  burning  his 
eyes  out  over  a  hot  fire,  merely  because  his  forefathers  dd 
the  same. 

But  if  our  method  is  faulty,  we  have  man^p  objections  to  theirs, 
on  which  we  found  our  reasons  for  not  adopting  it.  We  have  a 
plentiful  supply  of  fuel  from  our  coal  pits,  while  its  scarcity 
and  high  piice  often  reduce  them  to  great  difficulties.  And 
though  we  are  more  apt  to  catch  cold  within  doors  than  they; 
yet,  we  generally  have  a  sweet  and  wholesome  room,  from  a 
oontinual  supply  of  fresh  air  passing  through  it  to  the  fire  place. 

2i2 
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Two  or  three  persona  with  a  few  candles,  as  was  shewn  s.  11, 
would  soon  consome  the  oxygen  gas  of  a  close  room,  and 
extinction  to  the  candles  and  suffocation  to  the  persons  would 
infallibly  ensue.  To  our  method  is  perhaps  owing,  in  a  great 
measure,  the  rosy  complexion  almost  peculiar  to  the  English 
nation.  And  the  last  reason  for  our  continuation  of  it,  and  cer- 
tainly the  most  endearing  to  an  Englishman,  is  the  effect  of 
custom.  He  finds  in  his  fire  a  cheering  companion,  capable  of 
dissipating  all  his  sorrows,  or  at  least  of  alleviating  his  care  and 
anxiety.  When  the  storm  rattles  without,  he  has  a  continual 
source  of  pleasure  within,  from  the  stirring  of  his  fire.  At  the 
blazing  hearth  he  reaps  with  redoubled  zest,  the  full  harvest  of 
domestic  joys; — ^here,  all  his  affections  expand  to  the  full  tide 
of  benevolence;  here«  his  patriotism  is  enkindled,  and  his  love 
of  mankind  fanned  into  flame ;  and  here  he  analyzes  his  thoughtSi 
separates  them  from  the  dross  of  sordid  self-interest  and  love  of 
the  world,  and  presents  them  pure  and  simple  before  the  throne 
of  his  Maker,  his  Redeemer  and  his  God  I 


Digitized  by  VjOOQIC 


CHAP.  XI.       . 
The  Simple  Combustibles. 


1.  Remarks.  2.  HYOftoosN.  3.  Nitbooen  or  Azotb,  Ammonia.  4.  Carbon^ 
Diamond,  Charcoal,  Carbonic  Acid  Gas,  Carburbttbd  Hydroobn 
Gas.  5.  Boron.  6.  Sulphur.  7.  Phosphorus.  8.  Fluorine.  9. 
Selenium. 


1.   REMARKS. 

Ab  we  consider  the  electricities,  not  only*  as  forming  the 
band,  bnt  also  as  the  girand  instrumental  movers  of  nature,  we 
shall  make  them  the  leading  subject  in  our  description  of  all  the 
simple  substances  which  are  considered  as  the  store-houses  of 
the  positive  fluid.  And  as  we  have  no  other  mode  of  ascertain- 
ing the  quantity  of  inherent  fluid  in  each  element,  than  by  its 
combination  with  oxygen,  we  shall  place  the  different  oxides 
and  acids  at  the  head  of  the  description  of  each  substance ;  so 
that  its  electric  energies  may  be  judged  of  at  the  first  glance. 
As  the  density  of  a  substance  is  indicative  of  the  cohesive 
attraction  existing  among  its  original  particles,  we  shall  also 
subjoin  (where  it  has  been  ascertained)  the  specific  gravity,  in 
order  that  some  idea  may  be  formed  of  the  intimacy  of  combi- 
nation and  mutual  attraction  existing  among  the  original 
particles. 

The  reader  will  perceive  a  considerable  difference  among  the 
substances  of  the  three  following  chapters,  with  respect  to  their 
electric  energies.  All  the  simple  combustibles  combine  with 
more  than  their  own  weight  of  oxygen,  but  none  of  the  metal- 
loids, combine  with  their  weight;  molybdenum  and  chromium, 
forming  acids,  combine  with  more  than  their  weight,  but  tbo 
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other  metals,  except  iron,  nickel,  cobalt,  antimony,  and  arsenic, 
do  not  combine  with  above  one-third,  and  silver  with  little  more 
than  one-foarteenth. 

It  is  also  remarkable,  that  those  substances,  which  combine 
with  the  most  oxygen,  do  not  always  enter  the  most  readily 
into  combination ;  hsnce  it  appears  that  chemical  action  depends 
npon  a  concentration  of  the  electric  fluids.  Oxygen  and  hydro- 
gen gas,  in  the  aqueous  proportions,  may  be  blended  together 
without  producing  any  chemical  action;  but  if  they  are  concen- 
trated by  violent  compression  they  will  combine.  From  this 
as  we  shall  afterwards  shew,  it  is  evident  that  the  action  of 
caloric  depends  first  upon  attraction  and  then  upon  repulsion. 
Attraction,  while  its  elements  are  beyond  a  certain  distance;  but 
repulsion,  when  they  are  brought  within  that  distance. 

But  though  concentration  is  necessary  for  rousing  the  electric 
energies  in  any  substance  so  as  to  overcome  the  cohesive 
attraction,  or  the  affinity  between  the  inherent  electric  fluids 
and  their  elementary  particles;  yet,  on  most  occasions,  doing 
this  in  a  few  particles  will  commence  the  new  combination;  and 
then,  the  cploric  liberated  will  raise  the  temperature  of,  or 
cause  the  necessary  concentration  in  the  contiguous  particles; 
so  that  the  dissolution  and  combination  of  the  whole  mass 
rapidly  ensue.  Substances  which  combine  the  most  rapidly 
with  oxygen  in  their  natural  state,  that  is,  without  either  eom- 
pression,  additional  temperature,  or  the  presence  of  a  third 
substance  added  merely  for  the  sake  of  commencing  the  chemi- 
cal action,  are  said  to  have  the  greatest  attraction  for  oxygen; 
those  that  combine  with  the  most,  the  greatest  capacity;  while 
those  that  unite  most  closely,  or  so,  that  no  other  known  sub- 
stance will  detach  them,  the  greatest  affinity.  However  these 
words  are  not  generally  restricted  to  these  meanings,  hml  the 
advanced  state  of  the  science  seems  to  demand  some  restrictioB 
of  this  kind. 

Hydrogen  has  undoubtedly  the  greatest  capacity  for  exy.gei»; 
but  we  have  no  means  of  concentrating  it  so,  that  it  shaU  have 
the  greatest  attraction ;  and  it  certainly  has  not  the  gremiett 
affinity.  For  a  great  many  of  the  metals  will  decompose  water, 
when  the  hydrogen  is  set  at  liberty ;  the  metal  imbibing  the 
oxygen  and  becoming  an  oxide,  on  which  oxide  hydrogen,  how-  , 
ever  treated,  has  no  effect.  Potassiam,  for  instance,  will  do  at 
all  temperatures,  even  as  ice ;  so  that  the  eombustihle  pari  d 
that  metaUoid  must  combine  a  great  deid  more  closeljr  wilii 
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oxygen  tlian  hydrogen  does.  If  hydrogen,  therefore,  united 
with  different  proportions  of  an  unknown  base  constitate  all 
the  metals,  and  hydrogen  gas  be  the  pure  element ;  then,  the 
greater  affinity  which  some  metals  possess  for  oxygen,  than 
hydrogen  possesses  in  the  aqueous  combination,  must  depend 
upon  the  hydrogen  being  much  more  concentrated  by  that  un- 
known base,  than  in  the  aqueous  combination ;  and,  therefore,  the 
more  a  substance  is  condensed,  the  more  intense  is  its  affinity, 
that  is,  the  more  disposed  is  it  to  part  with  its  inherent  electric 
fluid.  On  the  same  principle  a  substance  becomes  hot  by  com- 
pressure ;  either,  the  latent  caloric  is  resuscitated,  or,  the 
original  particles  of  the  elementary  substances,  emit  more  of 
their  inherent  electric  fluids  :  most  substances  by  violent  com- 
pressure  undergo  a  certain  change  of  nature,  as  if  new  chemical 
combinations  had  taken  place. 

The  combustible  fossils  are  a  class  of  bodies  widely  differing 
among  themselves,  including  both  the  hardest  and  softest  mine« 
ral  substances;'  several  of  them  are  liquid,  some  are  soft,but  the 
greatest  number  are  solid.  Some  of  them  are  translucent  and 
even  transparent,  none  possess  either  the  opacity,  brilliancy, 
or  weight  of  the  metals :  some  being  lighter  than  water,  few 
more  than  twice  its  weight ;  and  such  as  are  solid  are  easily 
broken. 

2.   HYDROGEN. 

1  Hydrogen,  74  Oxygen — ^Watcr. 
Specific  gravity  '000105.    Or  100  cubic  inches  of  gas  weigh  2i  grains. 

On  account  of  hydrogen  being  the  principal  vehicle  of  the 
positive  electric  fluid,  we  have  been  obliged  to  anticipate  its 
most  striking  properties,  and  have  now  only  some  of  its  less 
prominent  features  to  describe.  It  can  only  be  obtained  as 
gas,  which  has  the  least  specific  gravity  of  all  ponderable  sub- 
stances, being  about  18  times  lighter  than  atmospheric  air,  and 
ii  occupies  about  1500  times  more  space  than  when  it  is  oom- 
bined  with  oxygen  in  the  composition  of  water.  It  is  i^ry 
sparingly  found  in  the  mineral  kingdom,  except  combined  with 
carbon  and  with  oxygen  as  water ;  but  since  it  forms  so  impor- 
tant a  part  of  water,  it  must  be  one  of  the  most  abundant 
elements.  It  constitutes  a  principal  part  of  all  vegetables; 
wihieh  have  the  faculty  of  decomposing  water,  setting  the  oxygen 
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gas  at  liberty,  and  elaborating  this  element  into  their  composi- 
tion. From  them,  it  enters  the  animal  kingdom,  and  is  a  chief 
ingredient  in  all  parts  of  the  human  body. 

Hydrogen  is  the  basis  of  all  the  inflammable  gases,  and  is 
the  only  substance  that  produces  flame  during  combustion ;  for 
there  are  but  three  simple  gases,  viz.  oxygen,  nitrogen,  and 
hydrogen ;  and  as  these  are  the  bases  of  all  the  other  gaseous 
substances,  hydrogen  the  only  combustible,  and  flame  a  stream 
of  combining  gas  ;  hence  it  is  evident  that  hydrogen  alone  can 
be  the  cause  of  flame,  which  seems  to  wamt  carbon  to  gire  it 
body,  for  singly  it  produces  very  little  light.  It  may  be  drawn 
into  the  lungs,  but  does  not  afibrd  any  vital  support  And 
though  it  is  so  very  inflammable  when  in  contact  with  oxygen, 
or  is  mixed  with  atmospheric  air ;  yet,  a  lighted  candle  intro- 
duced into  a  jar  filled  with  it  is  immediately  extinguished.  A 
chemist  named  Pilatre,  having  mixed  nine  parts  of  it  with  one 
of  oxygen  gas,  by  accident  drew  some  of  the  mixture  into  his 
lungs  along  with  the  atmospheric  air ;  when,  his  breath  coming 
in  contact  with  a  lighted  candle,  the  whole  of  that  inside  his 
lungs  exploded  and  nearly  deprived  him  of  life.  The  shock 
was  so  violent  that  at  firsf^he  imagined  all  his  teeth  were 
blown  out. 

Hydrogen  gas  can  only  be  procured  in  a  pure  state  by  the 
decomposition  of  water.  An  experiment  of  this  kind  may  be 
easily  performed,  by  adding  gradually  one  ounce  of  sulphuric 
acid  to  four  ounces  of  water  in  a  large  phial  containing  a  few 
iron  filings.  If  a  hole  be  neatly  made  through  a  cork  that  just 
fits  the  mouth  of  the  phial,  and  a  pipe  stopper  be  fixed  into  it, 
and  the  whole  be  closely  cemented ;  then,  by  the  temperature 
caused  by  the  mixture  of  acid  and  water,  the  iron  wiU  decom- 
pose the  water,  uniting  with  the  oxygen  and  liberating  the 
hydrogen  gass  which  escapes  through  the  bore  of  the  stopper, 
and  may  be  b'ghted,  when  it  bums  with  a  lambent  blue  flame. 
As  there  will  be  some  atmospheric  air  in  the  phial,  unless  the 
decomposition  be  permitted  to  proceed  a  while  before  the  cork 
is  put  in,  it  is  advisable  to  wrap  a  cloth  round  it,  lest  exjdoding, 
it  should  do  harm  with  its  fragments.  Again:  should  a  glass 
be  inverted  over  this  flame,  it  will  be  shewn  that  water  is  re- 
formed by  the  hydrogen  combining  with  the  oxygen  of  the 
atmosphere. 

By  a  process  similar  to  the  above,  air  balloons  are  inflated 
with  this  gas :  though  adnc  is  used  instead  of  iron,  as  being 
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more  readOy  oxydizable,  and  about  6  or  8  times  as  macb  water 
as  acid;  so  tbat,  tbe  gas  is  more  copiously  evoWed,  and  is  con* 
ducted  by  pipes  into  tbe  orifice  of  tbe  balloon. 

Minerals. — Combined  witb  cblorine  in  tbe  formation  of 
muriatic  acid,  bydrogen  enters  into  tbe  composition  of  a  great 
many  mixed  substances ;  even  into  some  of  the  primitive  rocks, 
as  mica,  talc  and  cblorite.  It  is  also  a  constituent  of  fluoric 
acid,  and  bere  again  occurs  in  mica,  and  of  course  in  all  tbe 
fluates.  Combined  witb  sulpbur,  it  is  found  in  tbe  foetid 
limestone  and  several  other  minerals.  Hydrogen  gas  is  said  to 
be  emitted  from  tbe  crevices  of  volcanic  matter,  also  from  tbe 
crevices  of  a  grey  friable  argillaceous  schistose  rock,  sur- 
rounded by  limestone  mountains  not  far  from  Grenoble  in 
France;  simUar  circumstances  occur  in  tbe  road  between  War- 
rington and  Chester,  and  abo  near  Brozeley,  Shropshire. 
Hydrogen  is  a  chief  ingredient  in  all  bituminous  fossils;  but 
its  principal  deposit,  in  the  mineral  kingdom,  is  in  tbe  aqueoHS 
combination.  Water  exists  among  minerals  in  several  diffe- 
rent states,  viz.  as  the  water  of  crystallization:  the  primary 
crystals  of  sulphate  of  lime  contain  21  per  cent  of  water,  but 
what  is  called  anhydrous  sulphate  of  lime  contains  none. 
But  even  -in  some  massive  substances  water  occurs  in  definite 
proportions,  the  pure  alkalies,  potas  and  soda,  retain  even  af- 
ter fusion,  one  fifth  of  their  weight  of  water;  and  it  is  occa- 
sionally inclosed  in  crystal  and  chalcedony;  and  is  attracted 
in  various  proportions  into  the  pores  of  most  mineral  substan- 

3.  NITROGEN  OR  AZOTE. 
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57  Oxygen  •  Nitrous  oiide  gas. 

100  Nitrogen  J  "1  Jo-  •  S?^'"^: 

"      ^  228  Do.  .  Nitrous  acid  gas. 

»285I>o.  .  Nitric  acid  gas  or  aquafortis. 


9p.  Giiiv.  100  cubic  inches  of  nitrogen  or  aiotic  gas  wdgfas  29*55  grains. 

Nitrogen  is  more  distinguished  for  its  neutral  than  its 
active  qualities;  for  it  will  neiUier  burn,  support  combustion 
nor  animal  life;  and  though  it  combines  with  more  oxygen  than 
any  other  substance,  except  hydrogen;  yet,  it  holds  it  by  a  very 
alight  affinity;  and  will  unite  in  the  formation  of  ammonia  with 
almost  as  much  hydrogen  as  oxygen  itself.  Dr.  Priestly 
obtained  several  portions  of  nitrogen  from  repeatedly  freezing 
the  same  distilled  water:  which  circumstance  has  occasioned  it 
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to  be  considered,  by  some,  as  a  compound  of  hydrogen  and 
oxygen.  The  experiments  of  Sir  H.  Davy  are  more  dectsire, 
as  to  its  being  a  compound  substance ;  but  he  suspects  it  to  be 
of  a  metallic  nature,  or  hydrogen  united  to  an  unknown  base. 
It  is  only  sparingly  found  in  the  mineral  kingdom,  but  when  we 
consider  that  it  forms  79  per  cent  of  atmospheric  air,  we  must 
allow  it  to  be  an  abundant  element.  It  is  seldom  detected  in 
vegetables,  though  plants  are  said  to  grow  freely  in  its  gas;  but 
it  enters  largely  into  the  composition  of  all  animal  substances, 
and  the  pure  gas  is  said  to  be  exhaled  from  the  pores  of  the  skin 
during  insensible  perspiration.  In  short,  it  is  considered  as  the 
element  which  nature  employs  in  conyerting  vegetable  into 
aniiiiial  substances;  and  is,  therefore,  sometimes  called  the  agent 
of  ahimalization. 

For  nitrous  oxide  see  Chap.  X.  s.  2.  Nitrous  gas  is  not 
respiradble,  is  perfectly  colourless ;  but  on  exposure  to  the  air, 
it  imbibes  oxygen  and  moisture  and  is  converted  into  nitrous 
acid.  Its  colour  then  becomes  red,  a  little  more  water  renders 
it  hlUhi  another  portion,  green ;  and  another,  yellow ;  while  the 
vapotir  still  continues  red.  When  aquafortis  is  poured  on  iron 
filings,  copper,  and  some  other  metals,  some  of  the  oxygen  b 
imbibed,  and  nitrous  acid  is  copiously  evolved  in  red  fumes. 
Two  parts  of  either  nitrous  or  nitric  acid  and  one  of  muriatic 
form  nitro-muriatic  acid  or  aqua-regia,  the  true  solvent  of  gold. 
This  acid  in  its  gaseous  state  has  less  specific  gravity  than 
either  of  its  component  gases. 

Nitric  acid  gas  is  generally  obtained  by  distilling  two  parts 
of  nitre  and  one  of  sulphuric  acid,  and  condensing  it  with  wa- 
ter ;  after  which  some  nitrous  acid  is  separated  by  heat,  and 
the  remainder  becomes  the  a{2^«afor^  of  conferee.  It  is  clear, 
of  a  pungent  smell,  verj.acid  to  the  ti&ste»  find  very  corrosive, 
and  with  various  bases  forms  the  salts  called  nitrates. 

Of  these,  nitre,  nitrate  of  potas  or  saltpetre  is  the  chief, 
consisting  of  53^  acid  and  46^  potas.  It  is  principally  brought 
from  Uie  East  Indies,  where,  at  certain  seasona  of  the  year,  it 
is  formed  spontaneously  on  the  soil.  '  In  Apulia,  near  Naples, 
are  nitrate  beds  where  the  earth  contains  40  per  cent  of  nitre ; 
mines  and  beds  are  likewise  found  in  various  parts  of  the  wozkL 
Nitre  has  often  been  obtained  ftk>m^the  urine  of  quadrupeds, 
and  the  soil  underneath  dove-cotesw  In^  Switzerland,  during 
the  late  war,  the  farmers  derived  considerable  profit  by  ex- 
tracting it  from  the  floors  of  their  stables>  audit  was  4lmaol^ 
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tained  in  England  dofing  the  reign  of  Charles  I.  The  French, 
chemists  in  the  rcYolntionary  wars,  obtained  it  from  the  plaster 
of  old  buildings;  and  it  may  be  fonnd  on  the  outside  of  many 
oM  walls.  It  is  also  priocured  artificially  by  heaping  together 
rtibbish,  plaster  and  earUi,  with  dung  and  other  vegetable  mat- 
ter under  sheds ;  they  are  then  moistened  with  animal  fluids  as 
blood,  <Sr€.,  and  thus  exposed  to  ferment  in  the  air ;  oxygen  is, 
therefore,  obtained  front  the  atmosphere,  nitrogen'  from  the 
animal  matter,  and  potas  from  the  vegetable  substances ;  and, 
together,  they  form  nitre,  which  is  afterwards  purified.  Its 
chief  consumption  is  in  gunpowder,  but  it  has  various  uses  in 
the  arts,  as  in  the  process  of  oxidizing  and  melting  the  metals. 

Nitrate  of  lime,  composed  of  57*44  acid,  32  lime,  10*56  water, 
is  found  in  silky  e£9orescences  on  old  walls,  in  caverns,  or  on 
calcareous  rocks  in  the  neighbourhood  of  decayed  vegetable 
Vfttfer,  and  in  some  mineral  waters. 

Ammonia  or  the  volatile  alkali  is  composed  of  four  parts 
nitrogen  to  cme  of  h]f  drogen,  and,  when  uncombined  with  any 
other  substance,  is  in  a  gaseous  state.  It  has  a  remarkably 
pungent  smell,  causes  instant  death  to  any  animal  compelled 
to  breathe  it,  and  is  destructive  of  flame.  It  is  the  lightest  of 
all  substances,  except  the  hydrogen  and  carburetted  hydrogen 
gases ;  ^ye  measures  of  it  being  only  equal  to  three  of  atmosphe- 
ric air. .  It  will  therefore  exhale  at  all  temperatures ;  t>ut  its 
volatility  is  partly  diminished  by  its  combination  with  water, 
iBore  so  with  carbonic  acid,  and  entirely  ceases  when  combined 
with  the  muriatic  or  any  of  the  mineral  acids.  Water  will 
absorb  670  times  its  own  bulk  of  this  gas,  but  the  compound  has 
less  specific  gravity  than  water  itself,  being  only  *B75.  In  this 
state  it  is  called  liquid  ammonia,  and  as  such  is  generally  used. 
This  alkali  abounds  in  all  animal  substances  while  undergoing 
putrefaction,  and  is  generally  procured  from  them  by  dry  dis- 
tillation ;  but  it  is  formed  in  various  manners  both  by  art  and 
iwtilre.  That  obtained  from  the  horns  of  deer  was  once  much 
esteemed  and  called  hartshorn. 

AjhBiODia  and  muriatic  acid,  though  both  of  them  very  pun- 
gent^ gases,  when  mixed  together  ^imiiiediatety  oondcAse  i^jUi  |t 
laotl,  -ponderous,  inodorous  substance,  known.  %  the  nau^e  pf 
mi-mmmiuiiac.  This  salt  "  acquired  its  name  from  the  temple  of 
inpkerAmmon,  it  being  first  made  in  the  neighbourhOtHMl  of 
thM  tvihple.  According  to  Pliny  there  weate  lajrge  iHns  ift  the 
wiaity  of  Una  famous  temple,  whei^e  the  ^pilgrims  lodged  nrbo 
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<»nie  to  worship,  and  who  asnally  travelled  on  camels.  The 
proprietors  of  those  stahles  had  some  contriTance  for  presenriDg 
and  concentrating  the  urine  of  these  heasts ;  and  the  salts  which 
it  produced,  were  afterwards  sublimed  in  glass  Tcssels.''  From 
Egypt  was  once  brought  as  much  sal-ammoniac  as  sufficed  all 
Europe,  but  it  is  now  manufactured  in  Britain,  and  finds  its  way 
hence  to  all  parts  of  the  Mediterranean.  It  is  used  in  a  variety 
of  manufactures.  The  common  smelling  salt  is  a  carbonate  of 
ammonia  consisting  of  5H  carbonic  acid  and  44  ammonia ;  the 
bi-carbonate  contains  double  the  quantity  of  carbonic  acid,  and 
is  less  pungent.  Both  kinds  are  used  by  tha  London  bakers  as 
substitutes  for  yeast 

Minerals.  Sal-ammaniac  (muriate  of  ammonia)  is  found  among 
lavas  and  volcanic  products,  also  in  efflorescences  on  certain 
rocks  in  Persia,  Tartary,  Bucharia  and  Siberia ;  it  is  also  found 
in  some  waters  in  Tuscany  and  Germany,  and  in  some  English 
coal,  especially  that  of  Newcastle.  Sulphate  of  ammofiuiy 
40  am.,  42  sul.  acid,  and  18  water,  occurs  in  stalactites  among 
the  lavas  of  Etna,  Vesuvius,  and  in  other  volcanic  regions. 

4.  CARBON. 

«ft  rarhon  $^^  Oxygen    .    Carbonic  oxide  gas. 
28  Carbon  J  ^^  q^|^         Carbonic  acid  gL. 

Specific  Gravity  of  Diamond  3*517. 

This  element  cannot  by  art  be  obtained  alone,  or  in  a  more 
pure  state  than  charcoal ;  yet  nature  is  supposed  to  have  pre- 
sented us  with  a  pure  specimen  in  the  diamond.  Carbon  is 
very  abundant  in  the  mineral  kingdom,  especially  in  the  calca- 
reous rocks ;  and  is  the  basis  of  all  coal  and  bituminous  sub- 
stances. It  is  the  principal  ingredient  of  animal  substances ; 
and  forms  the  solid  structure  of  all  vegetable  productions,  from 
the  woody  fibre  of  the  lordly  oak  of  the  forest,  to  the  petal  of 
the  most  delicate  garden  flower;  and  is  the  chief  ingredient  in 
all  fruits,  seeds,  oils,  gums,  resins,  and  perfumes. 

Diamond  is  the  hardest  substance  in  nature,  and  is  iiaed  for 
cutting  and  polishing  all-  other  precious  stones.  In  its  moat 
perfect  state,  it  is  as  clear  and  as  pellucid  as  the  purest  water, 
and  is  distinguished  from  all  other  substances  by  Uie  vivid 
splendor  of  its  brightness.  However,  it  has  sometimes  an 
accidental  tinge  of  the  metallic  oxides,  being  of  a  yellowisli» 
bluish,  yellowish  green,  clove  brown,  black  brown,  pmssian 
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bine,  or  rose  red  colour.  Diamonds  are  always  found  in 
detached  crystals,  and  Uie  varieties  of  forms,  in  which  they 
occur,  are  numerous.  The  structure  is  perfectly  lamellar, 
yielding  readily  to  mechauical  division  parallel  to  all  the  planes 
of  the  regular  octohedron,  which  therefore  is  the  form  of  the 
primary  crystal.  At  a  heat  less  than  the  melting  point  of 
sUrer,  it  gradually  dissipates,  burns,  and  combines  with  nearly 
the  same  quantity  of  oxygen,  and  forms  the  same  quantity  of 
carbonic  acid  as  charcoal. 

The  diamond  is  one  of  the  rarest  substances  in  nature.  It  is 
supposed  to  have  been  elaborated  in  ochreous  earth  imbedded 
in  rocks  of  gristone,  chiefly  in  the  East  indies,  the  Isle  of 
Borneo,  and  in  Brazil;  but  it  is  mostly  found  in  alluvial  grounds 
and  in  the  beds  of  rivers.  In  India  the  diamond  mines  are  i^t 
the  foot  of  a  chain  of  mountains  extending  from  Bengal  to  Cape 
Comorin:  the  chief  of  them  are  now  between  Golconda  and 
Musilipatam.  In  Brazil  they  are  found  to  the  north  of  the  river 
Rio  Janeiro.  The  country  is  covered  in  all  directions  by  grit- 
stone rocks,  full  of  rounded  quartzose  pebbles.  The  hills  are 
very  numerous,  and  consist  of  grit  alternating  with  micaceous 
schist;  which  presents  an  immense  number  of  blocks  composed 
of  gritstone,  imbedding  round  masses  of  quartz,  and  giving  to  the 
whole  the  appearance  of  a  pudding-stone.  The  country  is  in 
general  elevated,  (being  a  primary  district)  and  very  full  of 
streams,  id  which  the  diamonds  are  found.  The  largest  dia- 
mond hitherto  met  with  ^  is  in  the  possession  of  the  Rajah  of 
Mattan,  in  the  island  of  Borneo,  in  which  isle  it  was  found 
about  a  century  ago.  It  is  shaped  like  an  egg,  with  an  indented 
hollow  at  the  smaller  end;  is  of  the  finest  water,  and  weighs 
367  carats,  (a  carat  being  4  grains).  The  Pitt  or  Regent  dia- 
mond, the  finest  of  the  crown  jewels  of  France,  was  found  at 
the  conflux  of  two  rivers  about  20  miles  from  Golconda;  it 
weighs  136  carats,  and  cost  about  £.100,000  sterling.  One 
purchased  by  the  Empress  of  Rassia,  in  the  year  1772,  weighs 
193  carats  (779  carats  according  to  Parkes).  She  is  said  to  have 
paid  for  it  12  tons  of  gold,  and  granted  a  pension  for  life  to  the 
vender  of  4000  roubles  per.  annum. 

Charcoal  is  uncrystaUized  carbon,  but  is  supposed  to  owe 
its  colour  to  the  retention  of  some  salts,  or  potash,  &c.,  from 
which  it  cannot  be  purified :  yet,  this  extraneous  matter  is  so 
small  that  equal  weights  of  diamond  and  charcoal  require  the 
I  quantity  of  oxygen  gas  to  convert  them  into  carbonic  acid: 
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and  in  both  cased  the  same  quantity  of  oxygen  gas  will  produce 
the  same  quantity  of  acid.  It  may  be  procured  from  any  kind 
of  wood,  by  burning  it  in  close  vessels,  or  covered  with  earth, 
only  leaving  holes  for  the  pyroligneous  oil  or  acid  to  esoape. 
When  this  is  properly  done,  the  carbon  of  the  wood  is  left  ex- 
actly in  the  same  structure  that  it  had  in  the  tree,  and  with  the 
same  external  shape  f  s  the  piece  of  wood.  Charcoal  is  there- 
fore very  light,  so  porous  that  it  may  with  a  microscope  be 
seen  through ;  and,  however  large  the  piece,  it  may  be  blown 
through.  It  is  Uack,  sonorous,  brittle,  and  destitute  of  both 
taste  and  smeU. 

If  charcoal  be  totally  excluded  from  the  contact  of  oxygen^ 
the  greatest  degree  of  heat  has  no  effect  on  it;  (though  an 
American  chemist,  not  long  ago,  announced  that  he  bad  pro- 
duced a  partial  fusion,  and  the  appearance  of  crystallization,  or 
the  formation  of  diamond).  Oxygen  gas  has  no  effect  upon 
charcoal,  at  a  lower  temperature  than  800  deg.:  hence  of  all 
the  substances  in  nature  charcoal  is  the  most  durable.  The 
beams  of  timber,  at  Uerculaneum,  were  charred  by  the  bunung 
lava  of  Vessuvius  almost  IBOO  years  ago;  and  the  charcoal  is 
still  entire.  It  is  said  that  the  charcoal  of  some  com  burnt  in 
the  time  of  the  Caesars  still  exists,  and  that  the  wheat  is  even 
now  distinguishable  from  the  rye.  About  40  years  ago,  a  lai^ 
quantity  of  stakes  was  found  in  the  bed  of  the  river  Thames ; 
which  were  ascertained  to  be  the  stakes  placed  there  by  the 
lincient  Britons,  to  stop  the  progress  of  Julius  Ccesar  and  his 
army.  They  bad  been  charred  half  way  up,  and  the  charred 
ends  were  found  entire  at  the  heart.  Beds  of  coal  and  eb«r- 
coal  have  frequently  been  found,  where  they  have  evidently 
been  deposited  as  landmarks  by  the  early  inhabitants  of  this 
island ;  and  their  still  existing  without  change,  shews  how  well 
they  were  adapted  to  the  purpose.  The  ancients  wrote  with 
levigated  charcoal,  and  accordingly  such  writings  found  in 
Uerculaneum  are  still  legible;  it  is,  therefore,  recommended 
that  documents,  which  are  to  be  handed  down  to  posteri^, 
diould  be  done  mth  a  preparation  of  this  kind. 

Although  charcoal  will  not  form  -a  chemical  combination 
with  oxygen  at  a  lower  temperature  ^han  800<leg.,  it  will  nerer- 
tbeless  rapidly  imbibe  it  into  its  pores,  -on  whioh  circunstanee 
ita  antiseptic  qualities  depend.  These  are  so  great,  that  wbda 
putrefaction  has  commenced,  a|>roper  application  of  this  anj^ 
stance  arrests  its  progress.    .Meat  that  is  a  Uttto  tainted^  ao4« 
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to  smell  in  hot  ireather,  may  be  restored  by  being  rinsed  in 
powdered  charcoal  and  water.  AH  vessels  that  have  a  bad 
smell,  when  the  grosser  parts  of  the  offensive  ingredients  are 
sconred  off  with  sand  and  potas,  may  be  rendered  quite  sweet 
in  the  same  manner.  Putrid  water  may  be  restored,  the 
bad  taste  of  common  spirit  rectified,  rancid  oil  improved,  the 
colouring  matter  extracted  from  sirups  and  jellies,  and  impu- 
rities of  several  kinds  may  be  separated  from  other  ingredients 
by  means  of  charcoal.  Casks  charred  inside  are  now  used  to 
preserve  water  at  sea,  and  in  such  vessels  it  is  never  found  to 
be  impure  in  the  longest  voyages. 

Carbonic  acid  gas.  Fixed  Air  or  Choke  Damp,  This  is 
supposed  to  be  the  most  abundant  of  all  the  acids ;  and  is  the 
heaviest  of  all  the  gases,  a  cubic  inch  weighs  half  a  grain,  so 
that  it  may  be  poured  like  water  from  one  vessel  to  another. 
Being  much  heavier  than  atmospheric  air,  it  lies  like  water  at 
the  bottoms  of  mines,  caverns,  pits,  wells,  and  even  cellars ;  in 
all  which  places  it  is  frequently  collected  in  great  abundance. 
It  cannot  be  breathed,  and  therefore  the  most  fatal  accidents 
have  happened  when  persons  have  unwarily  descended  into 
such  places.  It  is  also  abundantly  generated  in  fermented 
liquors,  and  has  often  proved  fatal  to  men  working  in  the  large 
porter  vats  in  London.  Burning  charcoal  generates  large 
quantities  of  this  gas,  whence  the  fatal  effects  to  those  sleeping 
in  close  rooms  where  it  has  been  incautiously  introduced. 
Carbonate  of  lime,  which  forms  a  numerous  class  of  verj?  ex- 
tensive rocks,  contains  about  44  per  cent  of  this  acid;  and 
the  process  of  burning  lime  is  the  mere  expulsion  of  it  by 
heat.  Though  to  some  invalids,  the  smoke  arising  from  the 
kiln  is  represented  as  beneficial  when  breathed  sparingly ;  yet, 
workmen,  who  have  incautiously  slept  too  near,  have  lost  their 
lives  by  inhaling  it.  Being  destructive  of  flattie,  its  presence 
may  always  be  detected  by  lowering  a  candle  into  the  place 
suspected  ;  and  the  treatment  recommended  for  those  who  have 
inhaled  it,  is,  the  same  as  that  in  the  case  of  drowning. 

In-  some  volcanic  regions  this  gas  is  copiously  evolved  from 
the  earth.  Frequently,  for  a  long  time  after  the  eruptions  of 
Mount  Vessuvius,  it  continues  in  pits  and  ditches,  occasionally 
suffocating  the  inhabitants  and  destroying  the  vineyards.  The 
Lake  Averno  emits  such  quantities,  that  birds  attempting  to  fly 
over  it,  are  suffocated  and  drop  dead  into  the  water.  There 
IS  also  in  the  same  country  a  cave  named  Grofto^lrCane^  at 
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the  bottom  of  which  thii  gas  it  evolved;  and,  on  account  of  its 
density,  runs  out  at  the  threshold  like  water  from  a  weU,  and 
therefore  does  not  fill  the  whole  cave,  A  man  may  generally 
enter  with  safety,  the  threshold  not  being  much  higher  than 
his  knee,  but  should  a  dog  be  put  in,  it  is  immediately  suffo- 
cated. This  is  often  done  by  the  natives  for  the  barbarous 
amusement  of  travellers ;  but  the  poor  animal  is  soon  wiUidrawn 
and  plunged  into  cold  water,  which  generally  restores  anima- 
tion. The  quantity  of  gas  in  this  cave  often  varies,  and  serves 
to  warn  the  inhabitants  of  an  approaching  eruption  of  the  neigh- 
bouring volcanoes;  for  when  it  greatly  abounds,  an  eruption  of 
Vesuvius,  or  some  more  distant  volcano  is  sure  to  follow. 

This  gas  also  enters  into  the  composition  of  some  of  the  min- 
eral waters,  as  those  of  Pyrmount,  Spa,  and  Seltzers.  But  these 
waters  are  now  made  artificially,  and  even  better  and  stronger 
than  they  can  be  procured  at  the  above  places.  For  it  is  found 
that  by  very  great  pressure,  water  will  imbibe  two  atmospheres 
and  a  half,  that  is,  2^  times  its  bulk  of  this  gas.  It  then  sparkles 
in  the  glass,  and  has  a  slight  but  pleasant  acidity  and  briskness 
like  fermented  liquors.  But  indeed  it  is  this  gas  which  gives 
even  them  their  sparkling  brightness.  Water  charged  with 
carbonic  acid  has  the  power  of  dissolving  limestone.  Such 
waters  oozing  through  calcareous  rocks,  become  what  were 
once  called  petrifying  springs.  For  being  thus  loaded  with 
dissolved  lime,  when  they  come  to  day,  the  gas  escapes,  and  the 
earth  is  deposited  on  moss  or  in  the  pores  of  wood  and  other 
vegetable  productions,  which  thus  become  encrusted  or  satu- 
rated, and  are  then  said  to  be  petrified.  Spars,  or  stalactites 
found  in  rocky  caverns,  are  thus  formed.  Water  impregnated 
in  this  manner  is  one  kind  of  hard  water,  which  becomes  soft 
by  exposure  to  the  air,  for  the  acid  escapes  and  the  limestone 
is  precipitated :  hence  the  softness  of  river  waters  though  totsUj 
fed  by  hard  water  springs. 

Pure  or  quicklime  rapjdly  absorbs  this  gas;  and,  therefore, 
wherever  it  is  present,  if  a  little  is  let  down  and  sprinkled  with 
water,  the  acid  is  immediately  imbibed,  and  solidified  with  the 
lime  into  chalk;  aftelr  which,  the  place  may  be  entered  with 
safety.  Hence  this  acid  has  the  property  of  rendering  some  of 
the  most  caustic  substances  in  nature  perfectly  mild.  For  when 
the  alkalies  and  alkaline  earths  are  saturated  with  it,  ihej 
become  neutral  salts,  being  totally  divested  of  their  causticity* 
.   Carburetted  Hydrogen  Gas,  Heavy  in/lammabk  air  or 
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Fm  Damp, — ^This  is  the  gas  used  for  lighting  streets  and  houses. 
It  is  composed  of  carbon  and  hydrogen,  but  their  proportions 
rary  according  to  the  process  by  which  it  is  formed.  One 
hundred  cubic  inches  generally  weigh  about  20  grains.  It  may 
be  generated  by  exposing  pieces  of  charcoal  in  a  glass  vessel 
filled  with  hydrogen  gas  to  the  rays  of  the  sun.  But  in  the 
large  way,  it  is  procured  by  the  dry  distillation  of  coal. 

The  coal  is  put  into  close  iron  retorts,  that  are  heated  red 
hot;  when,  no  oxygen  being  present,  the  hydrogen  with  a  cer- 
tain portion  of  carbon  assumes  the  gaseous  form,  and  escapes 
throogh  long  pipes  into  a  proper  receiver  called  the  gasometer. 
This  apparatus  consists  of  two  open  vessels:  the  upper  one 
inverted  within  the  lower,  which  is  nearly  filled  with  water. 
The  pipe  from  the  retort  enters  the  lower  vessel,  and  its  orifice 
is  just  above  the  surface  of  the  water,  and,  of  course,  within 
the  upper  vessel.  This  latter  vessel  is  nearly  balanced  by 
weights  and  a  pulley ;  so  that  as  the  gas  is  generated,  a  little 
m<Mre  than  the  atmospheric  pressure,  caused  by  the  gas  inside, 
will  buoy  it  up ;  and  consequently  make  room  within  for  the 
stock  of  gas :  its  height  always  indicates  the  quantity  in  store. 
Within  it,  and  descending  through  the  water,  is  the  pipe  com- 
municating with  the  lamps ;  and  the  water  serves  as  an  effectual 
lute. — Besides  the  main  pipe  from  the  retort,  there  is  another 
fomished  with  a  stop  cock,  that  is  opened  at  the  commencement 
of  the  process ;  and  through  which  escapes  a  portion  of  car- 
bonic acid  gas,  and  water  saturated  with  ammonia,  formed  from 
the  atmospheric  air  in  the  retort,  and  the  casual  oxygen  and 
nitrogen  found  in  the  coal.  The  pipe  between  the  retort  and  the 
gasometer  is  always  purposely  long  and  is  arched,  that  the  gas 
may  cool  and  have  its  impurities  separated,  such  as  coal  oil 
and  tar;  a  considerable  portion  of  which  always  escapes  with 
the  gas,  and  which  consists  of  carbon  and  hydrogen  that  have 
not  had  sufficient  heat  to  give  them  the  gaseous  form.  The  gas 
is  sometimes  made  to  pass  through  lime  water,  which  further 
Purifies  it.  In  this  manner  the  whole  of  the  hydrogen  is  driven 
off  with  part  of  the  carbon,  the  remaining  carbon,  called  the 
coke^  is  left  in  the  retort,  and  is  worth  as  much  as  the  original 
coaL  One  pound  of  coal  generally  yields  about  24  gallons  of 
gas,  or  somewhat  less  than  6  ounces  by  weight,  and  near  2  o& 
of  oil  and  tar.  Hence  it  appears,  that  about  2}  lbs.  of  coal 
yield  as  much  light  as  one  pound  of  oil  or  tallow. 

It  is  this  gas  which  has  caused  so  much  destruotion  of  hu- 
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man  life  in  the  coal  mines.  Being  evolved  from  the  fissures  in 
the  coal  beds,  whenever  the  atmospheric  air  becomes  charged 
with  one  thirteenth  of  this  gas,  it  is  highly  inflammable,  and 
if  entered  by  a  lighted  candle,  immediately,  explodes.  "It  pre- 
vails more  or  less  in  all  coal  mines,  and  is  the  most  terrible  and 
destructive  evil  the  miner  has  to  contend  with.  It  is  supposed 
in  these  situations  to  be  generated  by  the  contact  of  water  and 
pyrites,  though  it  is  the  most  abundant  in  the  dry  seams,  out 
of  which  it  issues  with  a  hissing  noise  :  the  places  evolving  it, 
in  this  manner,  have  their  orifice  fringed  with  a  thin  peUucid 
£lm  and  are  called  blowers.  Sometimes,  especially  where  the 
strata  are  shattered,  it  issues  out  of  fissures  and  cavities  in  con- 
siderable quantities,  and  explodes  at  the  workmen's  candles. 
But,  when,  either  from  the  fallings  of  stoppings  in  the  wastes, 
or  by  neglect  of  shutting  some  of  the  trap-doors,  the  current  of 
atmospheric  air  has  been  for  some  time  diverted  from  its  pro- 
per course,  the  element  has  been  suffered  to  accumulate,  then, 
if  incautiously  igoited  by  the  candle  of  the  person  that  first 
visits  the  iDfiammable  repository,  effects  of  a  volcanic  nature 
are  produced.  The  subterraneous  lightning  scorches  and  man- 
gles the  workmen  exposed  to  its  fury ;  sweeps  down  its  long 
galleries  in  one  tsommon  torrent  of  destruction,  limbs  of  men 
and  horses,  doors,  brattices,  workmen's  tools,  and  coal  dust; 
all  which  it  ejects  through  the  shafts  accompanied  with  thick 
columns  of  smoke  and  fire.  The  noise  of  the  explosion  reseoi- 
bles  that  of  a  distant  park  of  artillery,  and  the  echo  it  produces 
is  like  the  reverberation  of  thunder  in  the  higher  regions  of  the 
air. 

"At  Lambton  colliery  on  the  22nd  of  August,  1766,  the 
workmen,  to  the  number  of  an  hundred,  had  just  left  work, 
and  three  masons,  with  as  many  labourers,  were  left  to  build 
up  a  partition  to  secure  the  coals  from  taking  fire  by  the  lamp ; 
when  the  said  lamp,  being  let  down  at  the  request  of  the  ma- 
sons to  rarefy  the  air,  the  latter  in  an  instant  took  fire  with  a 
terrible  explosion,  and  ^ade  its  way  up  the  pit  destroying 
men,  horses,  and  all  in  its  passage.  The  noise  of  the  explo- 
sion was  heard  above  three  miles  round,  and  the  flash  was  as 
visible  as  a  flash  of  lightning.  The  men  below  were  driven  by 
the  force  up  Uirough  Uie  shaft  or  great  tube,  like  balls  out  of  a 
cannon,  and  every  thing  that  resisted  shared  the  same  fate. 
The  neighbourhood  being  alarmed,  collected  itself  in  order  to 
give  assistance,  but  found  only  heads,  arms  and  legs  thrown 
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out  to  a  great  distance  from  Uie  mooths  of  the  pits.  The  ground 
for  acres  was  strewed  with  timber,  coals,  &c.  All  the  parti- 
tions, trap  doors,  wood  props  and  linings  were  swept  away, 
together  with  the  engine  for  drawing  up  the  coals,  and  all  the 
apparatus. 

''Workmen,  who  haTe  escaped  the  fury  of  these  blasts,  de- 
scribe them  as  instantaneously  preceded  by  a  strong  sudden 
wind ;  and  as  afflicting  the  head  with  pains  as  if  it  were  pierced 
with  arrows ;  and  even  in  cases  where  the  person  sustains  little 
injury  from  the  fire,  as  causing,  in  the  hands  and  face  and 
other  parts  of  the  body,  a  hot  scorching  pain.  They  who  have 
presence  of  mind  to  throw  themselves  flat  on  their  faces  are 
seldom  injured,  especially  where  there  is  water;  but  if  they  be 
left  in  a  vacuum  or  where  choke-damp  (carbonic  acid)  prevails 
they  soon  suffocate."  See  the  Picture  of  Newcastle-upon- 
Tyne. 

Sir  H.  Davy's  safety  lamp,  it  is  hoped,  will  in  future  prevent 
many  such  calamities.  The  principle  on  which  this  lamp  is 
constructed  is  very  simple.  That  great  philosopher  is  said  to 
have  accidentally  discovered,  that  flame  will  not  pass  through 
rery  small  apertures  in  metallic  substances.  And  therefore  he 
Inclosed  a  lamp  in  a  fine  metallic  gauze  or  net-work,  so  as  to 
emit  light  but  not  flame  and  heat.  A  piece  of  strong  wire  is  so 
contrived  that  the  workman  can  trim  his  lamp  without  opening 
it  But  the  inventor  afterwards  made  a  very  great  improve- 
ment, by  suspending  a  piece  of  platina  wire  over  the  flame  in- 
side the  net-work.  When  the  workman  enters  the  gas,  which 
alone  is  destructive  of  flame,  his  lamp  goes  out ;  but  the  platina, 
by  its  violent  affinity  for  hydrogen,  becomes  immediately  red 
hot,  and  affords  light  sufficient  for  him  to  grope  his  way  out  to 
pure  air,  when  the  heat  of  the  wire  re-kindlcs  the  flame  of  the 
lamp.  The  great  inconvenience  attending  this  lamp,  is,  its  not 
permitting  sufficient  light  to  pass  through  the  wire  gause :  hence, 
it  is  supposed  that  workmen  have  been  sometimes  tempted  to 
remove  the  gause  for  the  purpose  of  searching  for  lost  articles, 
and  thus  many  fatal  explosions  have  occurred  where  this  lamp 
has  been  used.  A  contrivance  has  lately  been  announced,  of 
construeting  three  or  four  inches  of  the  lower  part  of  the  lamp 
with  plates  of  mica,  which  will  endure  the  heat  of  the  flame, 
will  not  easOy  break  by  accidents,  and  will  permit  light  to  pass 
•funlly  with  glass.— *A  consummation  devoutly  to  be  wished  I 

Carburetted  hydrogen  gas  is  evolved  from  stagnant  water 
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when  the  summer's  san  shines  hot  upon  it,  and  may  be  collected 
by  an  inverted  bottle  at  the  surface.  In  hot  climates,  it  is  fre- 
quently emitted  from  swampy  grounds ;  and  in  volcanic  dis- 
tricts, it  sometimes  issues  from  fissures  of  the  earth,  which, 
being  once  lighted,  will  bum  as  long  as  the  emission  continues* 
Such  fires  are  not  unfrequent  in  Italy,  and  the  famous  Chimera 
of  the  ancients  is  of  this  description.  Near  the  summit  of  a 
hill  is  a  rock,  in  which  is  a  small  aperture,  whence  a  stream 
of  this  gas  issues;  and  having  been  once  ignited,  by  some 
means  or  other,  is  supposed  to  have  been  thus  burning  like  a 
lamp  for  thousands  of  years.  It  was  represented  as  a  monster 
by  the  poets,  with  the  head  and  breast  of  a  lion,  the  middle 
part  of  a  goat,  and  the  tail  of  a  serpent,,  also  as  continually  vo- 
mlting  out  flames.  For  upwards  of  two  thousand  years,  the 
situation  of  this  phenomenon  was  not  known,  but  it  was 
casuaUy  discovered  a  few  years  ago,  in  a  mountain  in  Asia 
Minor,  hid  in  the  thick  recesses  of  primsoval  woods,  the  suit- 
able habitation  of  lions,  goats  and  serpents.  Near  Baku  m 
Persia  this  gas  is  evolved  from  the  ground.  On  or  near  the 
spot  is  a  temple,  into  which  it  is  conducted  by  pipes;  and  be- 
ing once  ignited,  and  a  continued  supply  obtained  from  tiie 
ground^  it  never  goes  out.  Here  the  Persees  or  Fireworship- 
pers  pay  their  devotions,  and  venerate  the  flame  as  a  portion  of 
''the  eternal  and  universal  Fire'\ 

Minerals.  Mineral  Carbon,  or  Charcoal,  consists  of  carbon 
with  a  small  quantity  of  earth  and  iron,  has  often  a  wood-like 
texture,  and  occurs  in  thin  layers  among  common  coaL  Phgrn- 
baffo,  graphiie  or  blaeh^kad,  contains  about  nine  parts  carbon 
to  one  of  iron.  It  oecnrs  of  a  lamellar  texture  in  masses,  in 
kidney  shaped  lumps,  or  dissemiaated  in  rocks,  and  sometimes 
crystallised  in  regular  six  sided  prisms^  of  which  the  summits 
are  striated  parallel  with  their  edges.  It  belongs  chiefly  to  pri- 
mary rocks.  The  most  esteemed  is  that  found  in  Berrowdalo^ 
Cumberland ,  in  a  schistose  roek  traversed  by  veins  of  qaart& 
It  has  also  been  found  passing  into  a  kind  of  coal  of  a  columnar 
form  in  Ayrshire,  and  is  also  met  with  in  mica  slate  in  Aber^ 
deenshire.  In  Bavaria  it  occurs  in  granilie,  and  is  occasionally 
found  in  all  the  other  primary  rocks.  Anthracite,  carbon  72*05, 
siMca  13-9,  alumina  8,29,  oxide  of  iron  3*47,.  occurs  iit  primary, 
transition,  and  trap  rocks,  both  massive,  dmij  and  echmnrnt. 
T^Bi  of  Kilkemuf  has  a  fibrous  toxiwe,  witk  oecasionaUjr  aH 
&[»  oharaoters  of  well  burnt  charoosl.     In  Soodaad  itis  oalled 
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BKnd  Coal,  in  Staffordshire  Si<me  Coal,  and  in  Wales»  Culm. 
It  is  of  an  iron-black  colour,  of  metallic  lastre,  bnms  without 
flame  or  odour,  and  leaves  a  whitish  ash.  Carbon,  also  un- 
combined  with  hydrogen,  enters  in  small  quantities  into  the  com- 
position of  a  few  other  minerals,  as  from  1  to  11  in  clay  slate 
the  lowest  of  the  transition  rocks  and  rotten  stone  10  per  cent. 
It*  is  also  found  in  compact  manganese,  semi-opal,  and  hepa« 
tite ;  and  combined  with  oxygen,  abounds  in  all  common  lime* 
stones. 

The  BUuminaus  minerals,  or  those  wherein  the  carbon  is^ 
combined  with  hydrogen,  are,  including  the  different  kinds  of 
coal,  about  fifteen  in  number.  Mineral  Oil,  includes  Naptha  and 
Petroleum:  the  former  consists  of  87*21  carbon  and  12*97  hy- 
drogen. The  most  copious  springs  of  naptha  are  in  the  coasts 
of  the  Caspian  Sea.  The  city  of  Genoa  is  lighted  with  naptha 
from  a  spring  in  the  state  of  Parma.  II  occurs  in  several  other 
places,  but  is  sometimes  confounded  with  Petroleum  which 
contains  some  oxygen,  imbibed  from  the  atmosphere.  It  oc- 
curs in  most  of  the  coal  districts.  Bitumen  or  Mineral  Pitch 
has  three  varieties,  earthy  or  maltha,  elastic,  and  compact  bitu- 
men or  Asphalt.  The  first  and  second  kinds  seem  to  be  petroleum 
with  some  earthy  matter,  but  asphalt  contains  more  carbon. 
In  the  isle  of  Trinidad  is  a  lake  three  miles  in  circumference, 
and  of  an  unknown  depth  entirely  of  this  substance, — porcelain 
jasper  occurs  near  it.  Asphalt  occurs  in  various  other  parts  of 
the  world,  but  the  Lake  Asphaltnm  or  Dead  Sea,  is  the  most 
noted  place :  this  leaves  an  earthy  residium  containing  the  fol- 
lowing muriates,  viz.  of  lime  8*792,  of  magnesia  10*1,  of  soda 
10*676,  and  a  little  sulphate  of  lime.  The  water  is  saturated 
with  it,  and  lumps  are  sometimes  found  floating  on  the  surface, 
but  it  is  also  found  in  the  waters  of  Jordan.  Its  specific  gra^ 
vity  is  from  1  to  1*6. 
Coal.    Newtrastle  or  Caking    75*28  Car. 

SpUnt  from  Glasgow     75* 

Cherry  (Glas.  &  Staff.)  74*45    .. 

Cannel  64*72    .. 

Jet  76*  22.      Bitam.       2  Earths. 

Brown  (Borey,  &c.)   45*  3D.     PyroUgneooa   acid,     the  re- 

OMUider  Carboretted  Hydrogen,,  and  Carbonic  add  gas :  nearly  the 

same  as  wood.    See  Coal  Formations,  Ch^.  XV. 

The  other  oarbonaceous  minerals,  are,  Dysodile,  Amber  and 

fimU  Ccpal  which  will  be  mentioned  hereafter.  Also  Hdtchetint 

wliieh  oceurs  in  iron  stone  at  Merthyr  Tydvil.    Mellite  conv 


4*18  Hy. 

15*96  Nit. 

4-58  Ory, 

6»26  .. 

6-25   .. 

12-5     .. 

12-4     .. 

10.22   .. 

2-93   .. 

21-56   .. 

10-72  .. 
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taining  a  peculiar  acid  called  Mellitic  acid;  and  Retinaipkalium 
consisting  of  65  resin,  42  asphalt,  3  earth.  It  occurs  in  the 
Bovey  coal,  and  along  with  the  mineral  charcoal  in  Stafford- 
shire. All  the  carbouaceoiis  minerals  may,  perhaps,  be  con- 
sidered as  derived  from  coal;  and  as  coal  is  supposed  to  have 
had  a  vegetable  origin,  and  vegeUbles  receive  their  carbon 
from  the  decomposition  of  carbonic  acid;  so,  this  last  sub- 
stance, which  is  the  most  abundant  of  all  the  mineral  acids, 
forming  nearly  a  half  of  carbonate  of  lime  the  fertilizer  of  soils, 
may  be  considered  the  great  mineral  parent  of  all  these  fossils. 

5.    BORON. 

27  Boron,  73  Oxygen— Boracic  add. 

This  substance,  on  account  of  its  capacity  for  oxygen,  claims 
the  next  place  in  our  list  of  simply  combustibles.  It  is  an 
opaque,  dark-olive  coloured,  infusible  powder,  insoluble  in 
water;  and  burns,  when  heated  in  atmospheric  air,  with  a  red 
light; —but  the  acid  gives  a  green  colour  to  the  flame  of  burning 
bodies. 

It  has  but  one  combination  with  oxygen,  and  only  thus 
united  does  it  combine  with  other  substances.  In  fact,  the 
acid  is  the  only  state  in  which  it  can  be  procured  without  the 
galvanic  apparatus.  It  is  slightly  acid  and  rather  bitter  to  the 
•  taste;  is  fusible  at  a  strong  heat;  and,  when  well  crystalliaed, 
is  in  the  form  of  thin  scales  with  the  appearance  of  solid  white 
glass;  is  unalterable  in  the  air,  but  dissolves  slowly  in  cold 
water  and  rapidly  in  hot.  It  has  the  property  of  dissolving  all 
stones,  and  is  therefore  very  useful  for  their  analysis.  In  short, 
without  it  some  could  not  be  analyzed;  for,  the  great  difficulty 
is  to  bring  them  into  solution,  after  which  the  ingredients  are 
easily  ascertained  by  the  chemical  tests.  It  is  sometimes  used 
in  the  composition  of  artificial  precious  stones. 
Minerals.  NoHve  Add  contains  II  per  cent,  of  ferraginous  sulphate  of  magae- 
sia,  and  3  of  sulphate  of  lime. 

Boras  or  Tincal  36  acid,  17  soda,  47  water. 

Bormciie  83*4  acid,    16*6  magnesia. 

DatAolUe  21*67  acid,  34  lime,  37*66  silex,  5*5  water. 

BoiryolUe    13*5  acid,  39*5  lime,  36  silex,  6*5  water,  1  ox.of  inm. 

The  acid  is  found  dissolved  in  springs  and  lakes,  as  well  as 

solid  in  the  lavas  of  the  volcanic  districts,  of  Italy  and  Thibet 

Borax,  in  the  rough  state  called  tincal,  is  obtained  from  the 


Digitized  by  VjOOQIC 


SIMPLE  COMBUSTIBLES.  271 

water  of  a  lake  in  Thibet;  but  is  found  in  several  other  places 
as  Ceylon,  Tartary,  Transylvania,  Lower  Saxony  and  Potosi. 
Boracite  is  found  in  a  rock  of  gypsum,  Honover ;  and  also  in 
Thibet.  The  last  two  minerals  occur  in  primitive  rocks  in 
Norway. 


6.      SULPHUR  OR   BRIMSTONE. 
1  Sulphur  ] 

Specific  gravity,   1'99. 


1    Oxygen — Sulphnreooi  Add 
1|    ditto       Sulphuric  Add 


Sulphur  is  a  pale  yellow,  opaque,  and  solid  substance; 
very  brittle,  insoluble  in  water,  a  non-conductor  of  electricity, 
very  inflammable,  has  the  property  of  stopping  fermentation  in 
wine,  and  is  capable  of  being  sublimed  in  close  vessels,  when 
it  is  deposited  in  fine  powder  called  fiovoen  of  sulphur.  It  is 
extensively  diffused,  being  found  in  all  parts  of  the  world,  hut 
chiefly  in  volcanic  districts;  the  larger  part  of  metallic  ores  are 
combined  with  it;  and  it  unites  with  all  the  other  simple  com- 
hustibles,  though  not  in  so  large  a  proportion  as  when  they  are 
combined  by  nature.  From  the  mineral,  it  enters  the  vegetable 
kingdom,  having  been  detected  in  the  cress,  horse-raddish, 
garlic,  and  many  other  plants.  It  thence  passes  into  the  animal 
kingdom,  and  occurs  in  almost  all  parts  of  the  body.  It  is  what 
stains  the  spoon  in  a  hot  egg;  but  it  principally  manifests  itself 
during  putrefaction,  comhined  with  hydrogen,  forming  sulphu- 
retted hydrogen  gas;  which  is  the  cause  of  that  disagreeable 
and  unwholsome  stench  arising  from  putrid  eggs  and  house 
drains. 

Sfdphwwu  acid  gas  is  the  fumes  arising  from  a  burning  - 
match,  and  is  of  a  most  penetrating  smell.  It  is  invisible,  as 
are  nearly  all  the  gases.  It  abounds  in  the  environs  of  volca- 
noes, vast  quantities  being  evolved  during  an  eruption;  and  is 
what  suffocated  Pliny  in  that  of  Vessuvius,  which  overthrew 
Herculaneum  in  the  year  79.  It  has  the  property  of  dis- 
charging some  colours,  as  may  be  proved  by  holding  a  red  rose 
in  the  fumes  of  a  match,  when  it  soon  becomes  white.  Iron 
molds  in  linen  or  cotton,  if  previously  moistened  with  water, 
may  he  so  removed.  Straw  hats  are  bleeched  by  being  sub- 
mitted to  it  in  closed  vessels;  and  silks,  dyed  lilac  with  archil, 
are  rendered  a  flesh  colour. 
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Sulphuric  acid  is  destitute  of  smell  and  colour,  has  a  strong 
acid  taste,  and  is  very  corrosive.  It  was  once  obtained  from 
green  vitriol  (sulphate  of  iron,)  whence  it  is  commonly  called 
oil  of  vitriol  or  vitriolic  acid.  It  is  also  in  a  gaseous  state; 
but  having  a  great  affinity  for  water,  the  manufacturer  con- 
denses it  therewith: — hence,  the  acid  of  commerce  is  always  in 
a  liquid  state.  Four  pounds  of  this  liquid  acid  well  concentrated, 
mixed  with  one  of  water,  will  raise  the  temperature  to  300 deg. 
The  liquid  acid  will  freeze  much  sooner  than  water,  and  is 
nearly  double  its  weight.  It  will  combine  with  a  great  many 
substances,  but  its  chief  affinity  is  for  barytes.  For  whatever 
sulphates,  being  dissolved,  are  mixed  with  barytes,  also  dis- 
solved, sulphate  of  barytes  will  be  instantly  formed  and  pre- 
cipitated. Every  100  grains  of  which,  after  having  been 
submitted  to  an  intense  heat,  consist  of  66  barytes  and  34  drj 
sulphuric  acid.  It  is  sometimes  called  ponderous  spar.  This 
acid  has  been  found  in  a  concrete  state  in  some  volcanic 
craters. 

Minerals.  Native  sulphur  is  found  in  veins  of  granite  in 
Suabia,  in  mica  slate  in  Hungary  and  Peru,  in  Swinestone 
near  Gibralta  in  Spain,  and  in  many  places  with  calcareoni 
spar  and  gypsum  of  the  salt  deposit,  generally  in  beds.  It  is  of 
various  shades  of  yellow,  from  pale  to  deep  orange,  and  some- 
times has  a  tinge  of  green.  It  occurs  massive',  dissem^iated, 
investing  other  minerals,  and  crystallized  in  octohedrons.  Vol- 
canic  sulphur  differs  little  from  the  above,  but  is  generally 
found  in  the  craters  of  volcanoes.  Solfatara  near  Naples,  a 
kind  of  sunken  plain  surrounded  by  rocks,  is  regarded  as  an 
ancient  volcano,  and  is  the  most  extensive  deposit  of  sulphur 
known  of:  it  has  nearly  supplied  Europe  for  2000  years. 

Martial  pyrites  is  a  sulphuret  of  iron,  52  sul.  and  48  iron.  ' 
It  is  sometimes  crystallized  both  in  tubes  and  octohedrons, 
and  some  specimens  are  so  beautiful  that  they  have  been  mistar 
ken  for  gold.  It  is  found  in  almost  all  kinds  of  rocks,  but  that 
best  known  occurs  in  coal,  especially  the  Newcastle.  It  is 
sometimes  collected  for  the  purpose  of  manufacturing  sulphate 
of  iron.  The  pieces  are  merely  thrown  into  heaps,  and  e;cpo8ed 
to  the  air  and  moisture,  when  the  sulphuret  by  the  absorption 
pf  oxygen  is  converted  into  a  sulphate,  (copperas)  chiefly  used 
in  dying  black.  The  most  abundant  sulphate  is  that  of  lime 
(gypsum)  46  sul.  acid,  33  lime,  21  water.  When  burnt  and 
reduced  to  powder  it  has  the  peculiar  property  of  solidifying 
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wUh'  w^iBfi  so  thai  in  a  ^«r  miirates  a  mittui^  of  79  gyp&nni 
and  n  water  b^omea  faiard.  It  oeeura  crjstallizcJd,  fibrous, 
of  a  granular  texture;  compact  and  earthy.  The  following  are 
Tarieties  of  this  mineral  called  ^tnk^dromgyptum  (without  u^ater). 

MurimcUe,      60  soL  acid,  40  lime,  with  occaiioiiaUy  1  of  omriate  of  soda. 
OramUar,       55  ral.acid,  41*75  lime,  1  muriate  of  soda. 
Ftbrmu  and  compaei,    56  50  sol.  acid,  42  lime,  0*25  muriate  of  soda. 
SOkiflerfmB.    92  sulphate  of  Ume,  8  silica. 

Ep$om  Saiitis  a  solphaie  of  magnesia,  containing  67  sal.aeid^ 
93  magnesia.  It  is  found  natiTo  on  the  surface  of  the  soil  in 
some  parts  of  Spain,  and  alsa  in  the  quicksilver  mines  of  Idria; 
but  the  principal  part  of  that  used  in  England,  is  obtained  by 
means  of  sulphuric  acad  frcmi'the  magnesian  limestone*  Qlaubef^ 
SaUt  ia  a  aulpbate  of  soda,  2^  sul;iacid,  19^  soda^  56  water  of 
crystallisation*'  A  natifrecombination  of  these  two  salts' oocim 
crystalUaed  at  •  Sedlits.  They  alse  oceurMn  sea  water  and 
several  spaas-  The  mineral  waters  bfQodstone,' Surry,  contain 
20  gndM  per  pint  t>f  sulphate  of  soda  ;^  juid  those  of  Cheltenham 
from  lO  to 23^.  Sulphate  of  anuneniaiis  found amongthe  lavas 
of  Etna  and  Veasuvius. 

Water  ooai^g  through  rocks  containing  sulphate  of  lime,  be^ 
comes  what  is  called  hiord  water,  which  is  neither  fit  for  wash« 
ing  nor  any  other  domestic  |>urpose.  When  used  in  washing, 
the  aoap  being'  composed  of  oil  or  tallow,  and  potas^or  soda,  a 
double  decompositiott  takes  f  lace.  The  acid  seises  ti^e  alkali, 
and  snlphate  oi  potasor;  sodli  is  formed,  whi<^h  remains  dia- 
sd^^vth  the-water;  wMle  the  lime  combinea  with  the  oil  or 
tetttw-^ndswimaUke  eurds  on  the  top.  However  such'  watejr 
iQay)be*rendeered  aoft  by  adding  to  it,  about  24  hours  before  it  is 
uacd^  a  very  smaH  -Quantity  of  carbonate  of  potas  or  soda ;  when 
a.^oublfi'  decomposition  takes  place,  and  sulphate  of  soda  or 
f9^  and  carbonate  of  lime  are  formed :  the  latter  is  precipi- 
taled  io  4he  bottoq,  so  that  the  soap  is  unaffected. 

7.  PHOSPHORUS. 

^s^m^^..^        }  15   Oxygen    .    Fhosphorova  add. 

20Ptospborwj22|Do.  .    Pho^horic  acid. 

Specttc  GraTitj  175. 

PMtlMoEVS  is  a  peculiar  substance,  chiefly  distihguished 
ferlk  luiMfalMa  wd  inflammaUequalities.    It  is  of  a  poisonous 

2  M 
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nature  when  taken  alone,  bat  is  sparingly  nsed  in  knedidtie. 
It  is  as  soft  as,  and  more  dactile  than  wax ;  insolable  in  water, 
and  of  a  flesh  red  or  a  yellowish  semitransparent  coloor.  It 
melts  at  90deg.,  is  lominoos  in  Ihe  dark  at  all  temperatures,  and 
is  so  inflammable  that  it  requires  to  be  kept  in  water ;  and  even 
in  water  will  take  fire  at  a  temperature  of  148deg.  It  boms 
with  a  brilliant  white  flame,  and  is  converted  into  phosphoric 
acid,  which  has  the  form  of  light  locks  of  a  snowy  white  colonr, 
and  a  very  strong  acid  taste ;  but  by  exposure  to  the  air  it 
attracts  moisture  and  becomes  liquid.  It  is  mostly  found  in 
the  acid  state  in  all  its  natural  combinations.  The  ores  of  lead, 
manganese,  and  copper  often  contain  from  18  to  31  per  cent  of 
this  acid ;  it  also  contaminates  many  of  the  iron  ores,  and  is 
found  combined  with  lime  in  the  proportion  of  50  per  cent.,  bat 
it  is  not  an  abundant  substance.  From  the  soil  it  enters  the 
vegetable  kingdom,  and  is  found  in  various  substances,  but 
especially  in  the  ferina  of  wheat.  It  has  been  calculated  that  a 
person  who  eats  a  pound  of  wheat  flour  a  day,  swallows  3  lbs 
6oz.  4dr.  44grs.  of  phosphate  of  lime  in  a  year.  It  occurs  in 
almost  all  animal  substances,  but  especially  in  bone ;  from 
which  by  a  long  and  tedious  process  it  has  hitherto  been  ob- 
tained. Fish  bones  contain  the  most;  and  it  is  what  gives 
drying  haddocks  the  luminous  appearance  by  night. 

Phosphuretted  hydrogen  gas  is  the  most  inflammable  sub- 
stance  in  nature ;  and  as  it  is  known  to  be  evolved  from  bogs, 
decaying  vegetables,  and  putrefying  animal  substances,  and 
inflammable  at  the  common  atmospheric  temperature,  it  is 
supposed  to  form  the  ignis  fkiuu$,  or,  Will  o'  the  wisp.  In  Spain 
these  lights  are  very  common ;  and  in  hot  climates,  where  they 
are  frequently  not  particular  in  making  graves  suflSciently  deep, 
this  gas  is  abundantly  evolved  from  recent  inhumations,  and  by 
night  appears  as  a  pillar  of  light  over  the  grave.  The  ignis 
fatuus  is,  also,  frequently  seen  hovering  in  a  faint  blue  flame 
in  the  burying  grounds  of  England :  hence,  perhaps,  the  notion 
which  has  prevailed  in  some  countries,  that  the  soul  of  the 
departed  hovers  in  the  form  of  a  small  faint  blue  flame  near  the 
head  of  the  moaldering  body. 

Several  animals,  among  which  .is  the  glow-worm,  have  the 
power  of  exhibiting  luminous  substances.  Several  species  of 
zoophiles,  found  in  the  sea,  are  phosphorescent;  but  of  these 
the  Pyrotoma  Ailaniicum,  found  near  the  equator,  is  the  most 
wonderful.    These  creatures  vary  in  size  from  three  to  seven 
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incbes  in  length,  appear  at  a  great  depth  like  red  hot  cannon 
balls,  and  at  the  surface  like  glowing  cylinders  of  red  hot  iron. 
They  are  in  immense  shoals ;  and,  consequently  give  to  the  sea 
the  appearance  of  liquid  fire.  The  colour  of  the  animal  is  an 
opal  yellow  mixed  with  green ;  but  by  the  slightest  irritation, 
it  instantly  inflames,  and  becomes  like  red  hot  iron  of  a  brilliant 
brightness.  As  the  animal  loses  its  powers,  it  presents  a  num- 
ber of  successive  tints,  as  red,  aurora,  orange,  green  and  azure 
blue, — all  extremely  agreeable,  and  the  last  exceedingly  lively 
and  pure.  The  external  surface  is  bristled  with  thick  oblong 
tubercles,  shining  like  so  many  diamonds,  and  which  communi- 
,cate  internally  with  little  oblong  narrow  glands, — and  these 
seem  to  be  the  organs  of  its  wonderful  powers. — No  satisfactory 
explanation  has  been  given  of  these  phenomena.  It  is  ascer- 
tained that  the  substance,  which  emits  the  light,  does  not  con- 
tain phosphorous ;  is  uninflammable,  and  suffers  no  ascertainable 
diminution  during  the  illuminating  operation.  Electricity  and 
heat  have  no  other  effect  than  what  may  be  expected  from 
animkl  irritation : — yet,  doubtless,  it  is  an  electric  phenomenon, 
occasioned  perhaps  by  a  power  akin  to  that  possessed  by  the 
torpedo. 

Minerals. — Phosphate  of  lime,  massive^  Phosphorite,  in  six 
sided  prisms,  terminated  by  one  or  more  planes ;  Apatite,  six 
nded  pyramids ;  Asparagus  Stone,  consisting  of  phos.  acid  45*72, 
and  lime  54*28 ;  and  Moroxite,  from  Norway,  are  all  varieties : 
they  chiefly  occur  in  primary  districts,  but  in  Spain  is  a  whole 
mountain  of  phosphate  of  lime.  There  are  several  fossils,  which 
will  emit  light  when  slightly  rubbed,  and  must  therefore  either 
contain  phosphorus  or  be  highly  electric. 

8.   FLUORINE. 

This  substance  seems  more  a  supporter  of  combustion  .than 
a  combustible ;  but  which  of  the  electric  fluids  is  predominant 
in  it,  is  not  yet  sufiBciently  known  so  as  to  determine  its  classi- 
fication. It  is  the  basis  of  Fluoric  acid,  supposed  to  be  a  combi- 
nation of  this  substance  and  hydrogen,  yet  fluorine  will  burn 
when  heated  in  oxygen  gas.  It  has  not  been  exhibited  in  a 
aeparate  state,  but  its  colour  seems  to  be  a  chocolate. 

Fluoric  acid  is  chiefly  found  in  fluate  of  lime,  it  also  accurs 
in  the  enamel  of  human  teeth,  and  in  ivory.  It  has  partly  the 
smell  of  muriatic  acid,  and  will  saturate  more  of  any  substance 
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it  unites  with  than  any  ather  of  the  acids.  It  is.  chie^  obt^iilied 
by  pouring  sulphuric  acid  upon  flnate  of  lime,  applying  heat; 
when,  the  sulphuric  haring  a  stronger  affinity  for  lime,  the 
fluoric  is  set  at  liberty,  collected  and  condensed  in  water. 

It  cannot  be  obtained  pure  as  gas,  but,  its  chief  affinity  being 
for  silica,  of  which  earth  it  will  saturate  almost  twice  its  own 
weight,  it  therewith  assumes  the  gaseous  state.  And  as  this 
gas  has  a  strong  affinity  for  hydrogen  or  animal  moisturei«  if  a 
small  animal  be  put  into  it,  it  becomes  immediately  encrusted, 
when  it  has  the  appearance  of  a  real  petrifaction.  On  account 
of  this  affinity  for  silica,  it  cannot  be  kept  in  glass  bottles;  hut 
is  generally  preserred  in  lead  or  platina^  HowcTer  this  pro- 
perty renders  it  very  useful  for  etching  on  glass,  on  which 
beautiful  drawings  are  made,  as  imperishable  as  the  glass  jtSj^lL 
This  is  done  by  covering  the  glass  with  wax^  and  then  gulling 
out  the  figures;  after  which  it  is  exposed  to  the  fumes  of  the 
acid,  when  the  linea  ar«  opaque  and  dark,  hpt  should  the.  liquid 
acid  be  used,  the  lines,  ane  transparent.  However  it  should-ho 
used  on  all  occasions  with  great  ciration,  for  it  vapidly  oorriMles 
the  skin  and  produces  tediofif  wounds.  Taobriale  th^.dajager 
of  this,  complete  apparatus  are  sold  in  London,  fitted  up  for 
Ladies'  drawing  rooms. 

Minerals. — Fiuororfluate  i^Mmie,  32*25(fluoriGuacid«,a7*76 
lime,  is  found  crystalliaied^ nodidar,  comparand  eai^thy*.  ThB 
crysti^^  have  a  lamellar  structure,,  and  some  ^of  tfa^ia .exhibit  a 
number  of  planes  and  many  yarieties  of  fom^bnJtlhe  ootohadron 
is  considered  as  the  primary  crystals  Fluor  is  OQcasiowlly 
transparent,  also  white,  grey»  and  of  yariousj-shlid^s^of  blue, 
green,  red,  yellow,  purple,  and  almost  black.  The  moat  pre- 
vailing colour  is  deep  purple,  but  by  exposure  to  the  sun  and 
other  temperatures,  its  tints  can  he  yariegated  almost  at  plea- 
sure. It  is  found  only  in  metallic  veins,  and  is  very  abundant 
in  all  the  tin,  copper  and  lead  mines  of  England.  ,  Those  of  the 
north  produce  the  most  transparent;  but  Devonshire i.jrMda 
the  greatest  variety  of  forms,,  some  crystals  exhibiting  alH>T^ 
300  faces.  In  Cornwall  it..geoeraU;i(MrmS)  th^  great  body  of 
the  v^  and  in  Derbyshire  it  is  so^ahu^ant^  an  ilo  |#  .«aUed 
Derl^fshire  S^r.  It  occurs  in  many.of  th^  flE^«naA.iBmes« 
Mont  St.  Gothard  affiprds^rofia  •jred..^pi4piure4  ootobufaroiia. 
..There  ai^  a^vend;  other, nM9e|^s^.wU^eMtw>««i«Uif^ 
oC  fluoric  acid,  ^b  Mica  1*12^  pm  00Qt»j.  Q^y^tUa^  flttorio 
aci<^  and  w^ter.    .J^irhioeirifs^  24*40.  ^   If^iabo  ;MOWrii  ii^  die 
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Amblygonite,  and  in  the  ores  of  Cerinm.  The  Topaz  contains 
about  5  per  cent;  and  the  ScorHte^  Pycnitey  or  Schorlaceaus 
beryl,  about  6. 

9.   SELENIUM. 

This  is  a  recently  discovered  substance;  it  combines  with 
oxygen  and  forms  selenic  acid ;,  but  it  is  doubted  whether  it 
should  be  included  among  the  metalloids.  It  is  of  a  grey 
colour,  melts  at  a  temperature  above  boiling  water,  when  cool- 
ing is  ductile,  may  be  kneaded  between  the  fingers  and  drawn 
out  into  fine  threads,  possesses  a  strong  metallic  lustre,  and  is 
somewhat  translucent.  Whe^  cooled  slowly,  it  has  a  granular 
fracture  and  resembles  cobalt.  It  sublimates  in  close  vessels 
at  a  temperature  a  little  below  redness,  and  evaporates  before 
the  blow-pipe,  when  its  most  striking  feature  is  displayed;  viz. 
a  strong  smell  of  horse-raddish : — about  a  sixteenth  part  of  a 
grain  will  fill  a  large  apartment. 

Minerals.  It  occurs  in  the  martial  pyrites  and  sulphur  of 
Fahlnn,  Sweden;  and  was  first  disco ved  in  the  reddish  masses, 
chiefly  sulphur,  deposited  in  the  chambers  for  making  «uphuric 
acid.  But  a  mineral  containing  38*03  silver^  23.05  copper,^'20 
selenium  and  8-9  other  substances  has  been  discovered  in  the 
>  country,  accompanied  also  by  a  seleniuret  of  coppet. 
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CHAP.  XII. 
The  Metalloids. 


h  Rbmarki.  2.  Potassium.  3.  Sodium.  4.  Lithium.  5.  Calcium.  6. 
Magmbsium.  7.  Barium.  8.  Strontium.  9.  Silicium.  10.  Alumium. 
11.  Zirconium.  12.  Glucinum.  13.  Ittrium.  14.  Minrraloot.  15. 
Crystallization. 


1.   REMARKS. 

The  metals  are  a  numerous  class  of  bodies,  and  form  a  very 
considerable  portion  of  the  earth's  substance,  indeed,  since  Sir 
H.  Davy  discovered  that  all  rocks  or  stones  are  mere  metallic 
oxides,  we  may  consider  them  as  the  solid  structure  or  frame 
work  of  the  globe.  They  are  all  nearly  allied  to  each  other, 
being  apparently  compounded  of  both  positive  and  negative 
elements;  but  the  former  so  much  prevail,  that  they  are  all 
decisively  to  be  classed  among  the  simple  combustibles.  They 
all  combine  with  oxygen,  though  each  under  some  circumstance 
peculiar  to  itself,  and  during  such  combination  are  capable  of 
producing  much  light  and  heat.  As  we  suppose  the  electric 
fluids  to  be  the  grand  instrumental  movers  of  nature,  and  the 
quantity  of  combining  oxygen  with  the  intimacy  of  its  union,  as 
the  nearest  approach  to  a  knowledge  of  the  inherent  quantity 
of  those  fluids,  we  might  in  conformity  to  this  theory  make  the 
capacity  of  each  metal  for  oxygen  the  foundation  of  our  classi- 
fication; but  as  Parkes  in  his  ''  Chemical  Catechism,'' <a  book 
that  cannot  be  too  much  recommended  to  all  who  W4>uld  become 
acquainted  with  the  beautiful  science  of  chemistry,  and  from 
which  book  the  following  account  of  the  metals  is  principally 
taken)  has  made  the  mode  of  combination,  and  the  properties  of 
the  compound  the  data  for  his  division,  we  shall  follow  his 
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example.  And  as  there  is  a  wide  distinotion  between  these 
combinations, — the  aflinity  of  some  for  oxygen  being  so  great, 
that  they  cannot  be  examined  in  contact  with  atmospheric  air 
without  in  the  mean  time  disappearing,  being  converted  into 
oxides ;  and  as  the  specific  gravity  of  these  is  also  not  above  a 
sixth  part  of  the  lightest  of  the  others;  we  shall  make  these 
circumstances  the  foundation  of  a  division  of  the  metals  into 
two  chapters,  calling  those  that  have  this  violent  affinity  for 
oxygen,  and  slight  specific  gravity,  "  Metalloids." 

On  account  of  this  great  affinity,  these  metalline  substances 
are  never  found  otherwise  than  combined  with  oxygen.  They, 
or  even  the  earths  silica,  alumine,  lime  and  magnesia,  form  the 
ba^is  of  nine-tenths  of  the  rocks,  stones,  or  soils  that  come  under 
our  daily  observation;  and  even  constitute  the  prop- work  of 
the  human  frame  itself,  since  bones  are  phosphate  of  lime  and 
lime  is  a  metallic  oxide.  Many  of  them  are  found,  though  but 
sparingly,  in  the  vegetable  kingdom.  But  there  is  another  cir- 
cumstance worthy  of  being  mentioned  respecting  the  metalloids. 
They  are  all  the  bases  of  such  substances  as  were,  before  the 
researches  of  Sir  U.  Davy,  considered  as  simple  or  indecom- 
poundable ;  and  to  that  great  philosopher  alone,  and  the  gal- 
vanic apparatus  of  the  Surry  Institution,  we  are  indebted  for  a 
knowledge  of  them.  They  are  subdivided  into  three  classes, 
viz.  1.  those  which  by  their  union  with  oxygen  constitute  the 
alkalies.  2.  The  bases  of  the  alkaline  earths.  And  3.  Simple 
earths. 

The  Jint  class  comprehends  the  bases  of  the  fixed  alkalies, 
potas,  soda,  and  lithia;  vis.  potassium,  sodium,  and  lithium. 
They  have  a  very  great  affinity  for  oxygen,  but  not  so  great  as 
those  which  compose  the  other  two  classes.  They  were  first 
discovered  by  placing  a  piece  of  the  alkali,  a  little  moistened 
with  the  breath,  upon  an  insulated  disc  of  platina,  which  was 
in  contact  with  the  negative  wire  of  the  powerful  galvanic  appa- 
ratus of  the  Surry  Institution  while  in  intense  action : — the 
positive  wire  being  in  contact  with  the  top  of  the  alkali.  A  most 
violent  action  soon  commenced.  The  alkali  was  fused  at  each 
point  of  contact,  and  the  metallic  base  was  given  out  in  small 
globides.  Since  this,  the  French  chemists  have  obtained  these 
metalloids  in  a  larger  way,  by  keeping  the  alkalies  a  long  time 
in  fusion  with  intensely  hot  iron. 

The  second  clou.  Encouraged  by  his  success  on  the  alkalies, 
h&  instituted  a  set  of  experiments  upon  the  alkaline  earths,  lime, 
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m^gnoftia^  haryieB'  and  BtronUte^.  The  taak  'witb  th^M  waft 
luore  difficult  and  he  coi4d  only  obtoia  amilgama^  A-^OHnnh 
of  each  earth  was  kneaded  into  a  paste>  and  formed  into;  a  ball 
with  a  small  hole  at  the  top  anffici^nt  to  hold  a  ^ehule  of  mer- 
cury. In  this  case  the  mercury  was  ii^  contact  with  the  negar 
tive  wire,  and  the  platina  with  the  positive.  By  thia  neails  he 
obtained  yarious  results,  but  such  as  enabled  him  to  determine 
that  the  real  nature  of  the  bases  is  metallic;  and  he  named  each 
from  its  earthy  calctma,  magnenum,  barium^  and  Btrantium. 

His  experiments  on  the  third  class,  or  simple  earths,  silica, 
alumina,  zirconia,  glacina,  and  ittria,  were  not  so  successful; 
apd  the  results^  with  respect  to  their  having  metallic  bases, 
were  less  decisive;  yet  such  appearances  were,  generally,  indi- 
cated, except  in  silica,  as  warrant  the  conclusion  that  they 
are  metalline  substances  combined  with  oxygen:  their  names 
are  therefore  iilieium,  alummm,  zircanhtm,  ffktemmm^  and 
Mtwium.  What  is  known  of  the  recently  discovered  eazth 
^'thcttina'^  was  mentioned  Chap.  X.  a.  7.  Though  it  has*  «oC 
beentieoomposed,  its  base  is  included  among  the  metaUoids.' 

2.  POTASSIUM. 


10  Oxygen    .    Orev  Oxide 
100  Potassium.  {  20  Do.  .    White  Oxide  or  Potas 


r  IOC 
tt.?  201 

C40'Do.  .    Orange  Oxide 

Speeifie  Oravity  -865. 


Potassium  may  be  considered  as  one  of  the  wonders  of  the 
world,  since  it  has  the  property  of  setting  water,  and  even  iee 
on  fire.  It  has  also  less  specific  gravity  than  water#  and  is, 
therefore,  with  the  exceptipn  of  sodium,  the  only  metal  thai 
wiU  swim  in  water.  Its  colour  is  perfectly  white,  with  the  los^ 
tre  of  poUshed  silver.  It  is  solid  at  the  usual  temperfttuKe  of 
the  atmosphere,  becomes  soft  and  malleable  with  the  heat  of 
the  hand,  melts  at  160  degrees,  and  evaporates  before  It  arrives 
at  a  re<l  heat.  It  decomposes  water  so  rapidly,  by  its  union 
with  the  oxygen,  that  even  when  thrown  on  ioe,  it  wiU  buxsC 
into  a  fiame ,  the  combination  of  the  oxygen  and  positive  base 
of  the  metal  evolving  sufficient  caloric  to  csmmenee  comhnation 
in  the  liberated  hydrogen  gas;  and  this  process  goes  on  till  all 
the  metal  is  converted  into  potas,  which  remains  in  ihe  bob 
m^e  in  the  ioe.  If  a  little  is  planed-  on  turmeiio  papec,  it  wiU 
rup:abotit  as  if  in  search  of  nioia(nrei'tlenfing-a4leep^'Coloari4 
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train  bahind.  On  account  of  this  great  attraction  for  oxygen  it 
€an  only  be  preserved  in  a  metallic  state  in  pure  naphtha,  a 
liqnid  that  contains  no  oxygen.  Bat  this  affinity  makes  it  a, 
▼ery  powerful  and  useful  agent  in  die  hands  of  the  chemist,  as 
by  its  means  he  can  detach  water  from  very  highly  rectified 
alcohol  and  ether,  and  oxygen  from  any  other  substance.  It 
will  combine  by  pressure  with  phosphorus;  and,  also,  with 
doable  its  bulk  of  mercury;  in  both  cases,  producing  considera- 
ble heat  The  amalgam  is  solid  at  the  common  atmospheric 
temperature,  but  the  potassium  still  attracts  oxygen,  and  is 
converted  into  potas ;  also  if  put  in  water  it  produces  a  hissing 
noise,  and  in  both  cases  the  quicksilver  is  set  free. — It  is  not  an 
abundant  substance,  and  only  occurs  in  nature  in  the  state  of 
potas,  but  is  found  in  the  mineral,  vegetable  and  animal  king- 
doms, though  very  sparingly  in  the  last. 

Potas  is  found  in  almost  aU  kinds  of  plants,  especially  in  the 
imds  or  young  leaves;  but  exists  also  in  some  kinds  of  wood. 
From  this  source  only  is  all  the  potas  of  commerce  derived ; 
and  consequently  dl  the  pure  specimens  of  the  metal  that  have 
yet  been  exhibited.  When  vegetables  are  a  long  time  steeped 
in  water,  all  the  potas  is  extracted,  but  the  usual  method  of 
prociyring  it,  is,  to  bum  them,  generally  wood,  and  extract  the 
alkali  from  the  ashes.  Hence  this  alkali  has  been  sometimes 
called  the  vegetable  alkali ;  and  as  the  vegetable  substances 
were  once  burnt  in  large  pots  made  for  the  purpose,  it  was 
thence  called  patoMh.  The  ashes  are  mixed  with  lime,  put  into 
large  vats,  and  water  is  poured  over  them.  After  standing  a 
few  days,  the  water  is  drained  off  at  the  bottom,  holding  in 
solution  the  potash.  It  is  then  boiled  down  till  it  is  of  a  fine 
claret  colour;  after  which  it  is  cooled  and  becomes  solid, 
having  thcappearance  of  a  grey  stone.  But  in  this  state  it  is 
combined  with  a  large  quantity  of  carbonic  acid ;  and,  being  sub- 
mitted to  an  intense  heat  in  a  reyerberatory  furnace,  becomes 
more  pure  and  caustic,  assumes  a  bluish  colour,  and  is  then 
caUed  pearlash.  It  is  principally  brought  from  Russia  and 
America  where  wood  is  of  little  value.  One  thousand  pounds 
of  ashes  of  the  maple  tree,  will  yield  110 lbs  of  potash;  the 
same  weight  of  oak  ashes  111 ;  elm  166 ;  hickory  180 ;  beech 
ftl9  pounds.  It  has  various  uses  both  in  the  arts  and  medi- 
cine. 

MiN BRAL8. — Potash  occurs  in  felspar  and  mica,  two  of  the 
constituents  of  granite  the  lowest  or  oldest  of  the  primary  rocks; 
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and  as  the  other  rocks^  taken  as  a  whole,  consist  nearly  o€  the 
same  elements,  and  perhaps  nearly  in  the  same  proportioBS,  we 
must  expect  the  same  proportion  of  potas  to  coBtinne  thros^ 
the  whole  series  of  the  secondary  rocks.  But  as  the  othor 
elementary  ingredients  of  granite  are  blended  or  separated  ia 
every  possible  way,  so  potas  is  found  very  irregularly  cKstri- 
bnted  through  the  mineral  kingdom,  while  a  great  deal  of  it  ia 
employed  in  the  vegetable  kingdom.  As  most  of  the  secondary 
rocks  have  been  deposited  from  water,  and  potash  has  a  greater 
affinity  for  that  fluid  than  most  of  the  other  materials,  it  wo«M 
remain  suspended,  while  the  others  were  deposited ;  hence,  we 
seldom  find  it  in  the  regularly  stratified  rocks — but  in  the  nitie 
beds,  in  soils,  and  in  crystalline  compounds  formed  mostly  firoa 
aqueous  deposition^  in  rents  or  cavities  in  the  bosom  of  odur 
rocks.  Common  feldspar  contains  13  per  cent;  coa^paet 
feldspar  5*5;  blue  feldspar  0-25;  mica  8*39;  scaly  talc  or 
naehrite  17*5 ;  talc  2*75;  chlorite  2,  muriate  of  potas  or  soda; 
native  alum  0*25 ;  alum-stone  10-021 ;  nitre  46} ;  green  cardi 
10-;  soap-stone  0*75;  agalmatoHte  7*;  these  are  foond  m 
masses  or  strata ;  some  are  connected  with  the  primary,  some 
are  transition,  and  others  are  secondary.  Pumice  a*,  potas  ami 
soda;  obudian  6*;  these  with  perhaps  pearl-stone  di-50,  aic 
volcanic  products;  and  the  remainder  are  inclosed  crystalik 
Leucite  21*35;  aadaluciteB;  bucholzite  1*5;  apophyllitc  4; 
haiiyne  11;  gieseckite  6*2;  adulariaor  moonstone  (feldspar)  Mr; 
schorl  6*;  killinite  5*;  common  jade  or  nephrite  8*5;  saussmnic 
0*25;  lepidolite  4-186;  meionite  1-812;  pollyhalHte  277  sulphate. 
The  following  contain  potas  and  soda,fettsteitt  16^5;  seapoMleO'6; 
chabasie  9*34;  gabronite  17*25;  tourmaline  2*«42.  Potas*  m 
said  to  occur  in  the  oolite. 

3.   SODIUM. 

r     **    Qzygea  not  kwMni,  Ovey  O&AdM^ 
100  Sodium.  {   34*5  OxygeA  White  Oxide  w  Soda. 

C      ..    Oxygen  not  known.  Orange  Oxide. 
Specific  Gravity  '935 . 

Tl^is  metalloid  has  the  whiteness  and  lustre  of  silrer ;  aadi  la 
so  exceedingly  malleable,  that  two  pieces  may  be  welded  in  tka 
hand.  It  is  somewhat  similar  to  potassium,  yet  all  their  indi- 
iidual  properties  are  very  distinct.  Ita  specific  gra?^  ia 
greater,  though  less  than  water ;  it  is  lesa  fuaible;  mm  will  it 
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dissolve  like  that  metalloid  an  hydrogen  gas ;  and  its  affinity  for 
oxygen  is  considerably  less.  When  exposed  to  the  air,  it 
grmdiudly  absorbs  oxygen,  till  it  is  converted  into  soda ;  but 
will  not  inflame  like  potassium  when  thrown  on  water,  though 
its  action,  as  indicated  by  its  hissing  noise,  is  very  energetic. 
If  heated  and  thrown  into  oxygen  gas,  it  burns  with  great 
splendor,  but  it  seems  to  have  a  stronger  affinity  for  chlorine 
than  oxygen,  and  combined  with  chlorine,  it  is  chiefly  found  in 
nature.  It  melts  at  ISOdeg.,  and  evaporates  at  a  strong  red 
lieat. 

Sodium  is,  perhaps,  not  a  more  abundant  substance  than 
potassium,  its  great  repository  is  rock  salt  (muriate  of  soda)  or 
in  the  waters  of  the  ocean,  whence  it  enters  the  vegetable  king* 
dom,  but  is  only  found  in  marine  plants,  or  such  as  grow  on 
salt  grounds.  These  plants  seem  to  have  the  power  of  decom- 
p€>aing  salt,  and  of  taking  the  sodium,  perhaps  combined  with 
oxygen  or  as  soda,  into  their  composition,  and  of  evaporating 
the  chlorine  or  muriatic  acid.  They  are  therefore  collected 
and  burnt  into  kelp.  Thousands  of  people  in  the  highlands  of 
Scotland,  in  various  parts  of  England,  in  Ireland,  the  island 
of  Sicily,  and  especially  in  Spain,  derive  their  subsistence  from 
this  source;  and  hence  we  have  the  principal  of  the  soda  of 
conwierce.  That  imported  from  Spain  is  called  barilla;  and  is 
principally  procured  from  a  plant  that  grows  on  inland  salt 
grounds,  called  salsola-soda  or  salwort. 

Soda  occurs  in  all  the  animal  fluids,  and  is  found  to  perform 
a  most  important  office  in  the  animal  economy ;  for  to  its  |>re- 
sence  the  bile  owes  its  acrine  property.  '*  In  all  other  cases,'' 
saysParkes,''  where  this  alkali  is  found,  it  is  mild  or  neutralized* 
and  its  caustic  qualities  must  be  developed  by  art,  but  in  the 
bile  it  is  in  a  state  of  causticity."  Contrivance  is  the  impress 
stamped  on  Nature's  works ! 

llie  chief  consumption  of  soda  is  in  the  manufacture  of  soap; 
which  is  composed  of  about  3  portions  of  soda  to  4  of  tallow. 
The  hard  yellow  soap  has  about  one  portion  of  rosla  mixed 
with  the  tallow,  which  renders  the  soap  more  detersive^  and 
•nables  the  maker  to  sell  it  cheaper.  This  soap  ought  to  be 
rery  firm;  when  it  is  not  so,  it  contains  a  large  portion  of  water, 
which  considerably  adds  to  its  weight,  and  thus  the  consumer 
is  defrauded*  Sometimes  a  little  train  oil  is  used  with  the  tallow ; 
and  soft  soap  is  entirely  composed  of  this  oil  and  potas. — ^The 
principal  on  which  soap  acts  is  this :  the  alkalies  have  a  great 
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affinity  for  all  animal  snbstances,  grease  or  yegetable  oils,  and  ic 
being  an  oil  that  gives  the  colour  to  the  unbleached  linen ; 
hence  the  alkali  mixes  with  it,  neutralizes  or  saponifies  it,  and 
the  water  dislodges  it  from  the  fibres  of  the  thread.  The  tallow 
of  the  soap  serves  merely  to  restrain  these  caustic  qualities, 
which  could  not  otherwise,  in  domestic  purposes,  be  rendered 
sufficiently  dilute.  But  for  bleeching,  carbonate  of  soda  is 
used.  Indeed  for  all  such  purposes,  soda,  as  having  a  less 
affinity  for  oxygen  than  potas,  is  generally  preferred. 

Minerals. — Besides  those  minerals  mentioned  in  the  last 
article  wherein  soda  occurs  with  potas,  also  muriate  of  soda  and 
borax,  it  likewise  occurs  in  the  following.  Clinkstone  8*1  per 
cent;  pitchstone  2*85 ;  basalt  2-6 ;  obsidian  1*6 ;  Glauber  Salt 
15 ;  mesotype  15*09 ;  needlestone  or  mesolite  5*40 ;  somnite 
20*46;  rubellite  10* ;  sodalite  23*5;  lythrodes  8 ;  analcime  10*; 
nephrite  10*75;  saussurite  6* ;  cryolite  32;  glauberite  51,  sul- 
phate ;  natron  75  carbonate  of  soda,  2*5  sulphate  of  soda,  22*5 
water;  pure  carbonate  22*  soda,  15  carbonic  acid,  62  water. 
Natron  occurs  in  the  soil  in  some  parts  of  Hungary,  Bohemia 
and  Switzerland,  also  in  Egypt,  Syria,  China  and  the  East-In- 
dies. Hence  by  the  water  draining  through  the  earth 'and  car- 
rying ofi*  the  natron  in  solution,  lakes  are  formed;  and  the  water 
being  evaporated  in  the  dry  season,  thick  beds  of  this  sub- 
stance are  left,  which  being  removed,  it  becomes  an  article  of 
commerce.  The  eudyolite  contains  13*822  of  natron,  the  na- 
trollte  16*50.  the  spinellane  19.  Nitrate  of  soda  occurs  in  beds 
of  some  feet  in  thickness,  and  of  more  than  forty  leagues  in 
extent,  near  the  southern  extremity  of  Peru. 

4.      LITHIUM. 
56-5  lithium,  43*5  Oxygen — lithia. 

This  is  the  metallic  base  of  the  newly  discovered  alkali,  lithia. 
It  is  of  a  white  colour  and  yery  similar  to  sodium;  but  so  great 
is  its  attraction  for  oxygen,  that  the  specimen  obtained  was 
soon,  by  being  exposed  to  the  atmospheric  air,  converted  into 
lithia.  It  is  a  very  rare  substance,  having  only  been  found  in 
a  few  very  rare  crystallized  minerals.  LUhia  has  an  acrid, 
caustic  taste,  is  very  soluble  in  water,  differs  a  little  in  some  of 
its  characters  from  the  other  two  fixed  alkalies,  but  not  more 
than  they  differ  from  each  other.    It  ooourt  in  the  following 
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Minerals:  lepidolite  3*602  per  cent,  peUlite  5*7»  spodn- 
mene  8*86/ also  in  ambljgonite  and  meionite,  though  in  very 
■mall  quantity  in  the  latter. 

6.      CALCIUM. 
72  Caldnniy  and  28  Ozygeo— lime. 

Calciom  is  a  very  bright  metal,  as  white  as  silver;  bums, 
when  a  little  heated,  with  an  intensely  white  light,  and  is  ra- 
pidly Gonyerted  into  lime.  In  this  state  it  is  always  found  in 
nature,  but  mostly  combined  with  an  acid,  especially  the  car- 
bonic; thus  forming  about  an  eighth  part  of  the  crust  of  the 
g^obd.  It  occurs  in  almost  all  plants  and  vegetable  substances; 
and  also  in  most  of  the  animal  substances,  but  especially  in 
bones,  shells,  horns,  hoofs,  nails,  claws  and  hair. 

Ldme,  quick-lime,  or  calcareous  earth,  when  pure,  is  white, 
hot  and  caustic  to  the  taste,  and  changes  vegetable  blues  to 
green.  It  will  solidify  one  fourth  of  its  weight  of  water,  yet 
remain  unchanged  in  its  visible  qualities.  The  water,  passing 
into  a  solid  state  or  becoming  combined,  parts  with  its  caloric 
of  fluidity,  hence  the  principal  part  of  the  heat  evolved  in 
slaking  quick-lime;  and  as  the  caloric  must  be  evolved  from  the 
water  while  combining,  therefore,  lime  has  the  peculiar  pro- 
perty of  dissolving  more  rapidly  in  cold  water  than  in  hot,  but 
it  dissolves  only  in  about  400  times  its  weight  in  either.  Its 
specific  gravity  is  2*3. 

The  chief  adlnity  of  lime  seems  to  be  for  carbonic  acid, 
which  it  rapidly  absorbs  from  the  atmosphere,  and  is  converted 
into  chalk  or  limestone.  Bishop  Watson,  by  experiment,  found 
that  a  ton  of  quicklime  newly  drawn  from  the  kiln,  and  exposed 
to  the  atmosphere,  absorbed  daily  one  hundred  weight  of  car- 
bonic acid  for  the  first  five  days.  On  this  account,  quicklime 
is  found  to  be  a  great  promoter  of  dissolution  in  vegetable  and 
animal  substances,  and  is  sometimes  used  to  hasten  the  decom- 
position of  dead  bodies.  On  the  same  principle  it  is  used  in 
various  arts,  as  tanning,  purifying  sugar,  and  in  almost  all 
cases  where  carbonic  acid  is  to  be  separated.  It  is  said  that 
carbonate  of  lime  has  the  property  of  preventing  acidity  in 
the  alcoholic  fermentation.  In  bleeching  and  some  other  pro- 
eesses,  lime  acts  Uke  the  alkalies.  For  manure,  see  c.  XVIII. 
and  for  building,  see  magnesia. 
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MrKERALS.  Lime  enters  iato  Ibe  composilioii  of  mttdben 
of  the  earthy  and  crj^aliized  minerals;  but  never,  except  whoA 
mineralized  with  an  acid,  above  50  percent;  and  its  genend  pro* 
portion  is  from  9  to  25.  It  is  found  combined  with  the  carbonic, 
phosphoric,  flaoric,  sulphuric,  nitric,  boracic,  and  arsenic  acids. 

Carbonate  of  lime  varies  from  44  to  56  lime,  and  from  56  to 
44  carbonic  acid ;  it  forms  about  80  mineral  substances,  among 
which  are  common  limestone,  marble,  calcareous  spar,  verd  an- 
tique, oolite,  chalk  and  tufa.  PAo^pAole  54*28  lime,  45*72  acid 
apatite,  and  phosphorite.  FhuUe  07*75  lime,  32*25  fluoric  add, 
fiuor.  Su^ate,  gypsum.  Nitrate,  nitrate  of  lime.  Bmraie^ 
datholite  34  lime,  botryolite  39*5.  Armmimte,  phmrmacolite  26 
lime,  50*54  arsenic  acid,  24*46  water. 

jPreetotcs  sfoMfs.  Precious  garnet  3.  Common  garnet  20 
fime.  Lapis  lazuli  28  carbonate.  Chrysoberil  6.  OinimBKm 
stone  31.     Green  tourmaline  4.     See  Mineralogy,  sec  14. 

6.   MAONBSIITM. 

62  Bfagaerinm,  28  Osygea — ^Magnesia. 

This  substance  is  but  imperfectly  known;  it  has  the  same 
whiteness  and  lustre  of  some  of  the  other  metalloids ;  it  sink/s 
in  water,  and  therefore  must  have  considerable  specific  gravity* 
It  has  a  greater  affinity  for  oxygen  than  calcium,  is  soon  covered 
with  a  crust  of  magnesia  when  exposed  to  the  air,  and  if 
strongly  heated,  bums  with  a  red  light,  and  is  converted  into 
its  earth.  Magnesia  is  not  an  abundant  ingredient  in  rocks, 
and  is  chiefly  conflned  to  serpentine,  basalt,  certain  varieties 
of  limestones,  and  occurs  in  about  30  crystallised  minerals,  or 
such  as  are  found  in  veins.  It  abounds  in  the  waters  of  the 
ocean,  and  in  certain  spas ;  it  henee  becomes  an  ingredient  in 
most  ^marine  plants.  The  salsola  soda  contains  no  less  than 
17*927  per  cent. 

The  earth  in  a  pure  state  is  sold  by  the  druggbts  as  caldned 
magnesia.  It  is  a  perfectly  white,  very  soft  and  light  powder, 
without  taste  or  smell.  It  assists  the  fusion  of  many  other 
tK>dies,  and  is  much  used  with  silica  in  the  manufactuf»  of 
porcelain,  diough  by  itself  it  is  unalterable  in  the  fire.  It  pro- 
motes the  solution  of  camphor,  opium,  and  resin  ia  water ; 
Aough  will  hardly  dissolve  by  itself,  and  requires  even  2^000 
times  its  weight  of  water  to  hold  it  in  soIntioQ;  so  that  it 
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absorbs  and  solidifies  a  great  deal  of  this  fluids  expeUiag  its 
caloric.  Caleiiied  magnesia  has  most  important  uses  in  medi^ 
«ino.  It  is  the  most  effectual  antidote  in  case  of  poison  by  the 
amieral  acids ;  and  an  upheaped  table  spoonM  in  half  a  pint  of 
water,  giren  immediatelj  after  oxalic  aeid  has  been  taken,  will 
saTo  life.  It  is  also  nsefdl  as  an  absorbent  to  correct  acidity  in 
the  stomach ;  but  H  taken  as  an  aperient,  the  carbonate  or 
Bttld  magnesia  ought  to  be  used.  If  a  little  calcined  magnesm 
be  agitated  in  putrid  water,  it  will,  in  a  few  minutes,  lose  its  bad 
taste  and  smell. 

The  affinity  of  both  lime  and  magnesia  for  silica  and  cwrboBie 
acid  and  water  is  very  great,  though  the  latter  does  not  absorb 
the  water  and  acid  so  rapidly  as  the  former;  and,  therefore, 
tiie  mortar  from  the  magnesian  limestone  makes  a  much  better 
eemeni  for  building  than  that  procured  from  the  more  pure  cap- 
bcmate  of  lime.  Because  lime  alone  has  nearly  formed  its 
oombinations  before  it  is  built,  and  therefore  cannot  knit  well; 
but  when  the  mortar  contains  magnesia,  it  more  gradual^ 
obsorbs  acid  from  the  atmosphere,  and  solidifies  the  water  with 
which  it  is  made  up;  and  this  process  will  continue  for  cen^ 
furies,  so  that  in  some  old  buildings  the  cement  is  found  as 
hard  as  the  strongest  limestone. 

Minerals.  Magnesian  fossik  generally  have  an  oily  feel, 
a  silky  lustre,  and  fibrous  texture.  For  feller's  earth,  horn* 
blendo,  phosphate,  serpentine,  feldspar,  talc,  green  earth, 
soapstene,  steatite,  potstone,  chlm-ite,  basah,  dolomite,  see  sec. 
14.  Among  the  99  minerals  that  are  principally  found  in  yeins, 
mre,  ^e  Tremde  25  per  cent.  Aetyneltte  SMO.  Hypersthene  14^ 
SeliOlar  spar  29^  Smaragdtte  9.  Annanthus  29.  Orientel 
tvquoise  2.  Spinelle  ruby  8*78.  Laaulite  18.  Chrysolite  50. 
Meteoric  OKrine  38*5.  Tourmaline  8*47.  Hydrate  of  maf- 
aasia  composing  small  veins  in  serpentme  69*75  mag.  80*25 
water.  Carbonate  of  magnesia,  48  mag.  49>  ear.  aeid  and  9  water, 
occurs  also  in  serpentine. 

•         7.  BARIUM. 
SOBwiam,  10  0!ijgt»— Bsrytes. 

1  SIS  melriloid  has  the  appearance  of  a  dark  grey  sUvevy 
■Mai,  but  with  a  lustre  inferior  to  that  of  the  feaeturo  of  cast 
Al  the  common  atmospheric  temperature  it  is  solids  aad 
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requires  considerable  force  to  flatten  it,  but  becomes  fluid  at  a 
Jieat  below  redness.  It  is  soon  tarnished  by  exposure  to  the 
air,  and  is  converted  into  barytes.  When  thrown  on  water  it 
immediately  sinks,  but  produces  a  violent  chemical  action, 
being  soon  converted  into  its  earth,  and  evolving  hydrogen  gas. 
It  is  but  a  rare  substance,  having  only  been  found  in  metallic 
veins  in  two  or  three  minerals.  It  is  a  deadly  poison  in  all  its 
compounds;  though  the  muriate  is  much  used  in  medicine, 
especially  in  scrophulous  and  chronic  diseases. 

Barytei,  has  very  great  specific  gravity,  being  more  than  four 
times  heavier  than  water ;  it  is  a  greyish  white  powder,  with  a 
sharp  caustic  taste,  changes  red  vegetable  colours  to  violet  or 
blue,  and  yellow  to  brown ;  makes  oil  miscible  with  water,  and 
forms  glass  with  silica ;  in  short,  it  has  all  the  alkaline  proper- 
ties and  some  others,  and  is  therefore  a  most  valuable  chemical 
test.  It  swells  when  exposed  to  the  air,  also  in  slaking  like 
quickliine,  but  not  so  rapidly ;  it  likewise  solidifies  with  water, 
forming  a  very  tenacious  cement.  It  composes  the  onlj  white 
paint,  that  will  keep  its  colour  in  water  painting :  when  pre- 
pared for  this  purpose,  it  is  sold  by  the  name  of  **  Hume's 
permanent  white."  Its  chief  affinity  is  for  sulphuric  acid,  which 
it  will  detach  from  all  other  combinations,  forming  with  it  a 
compound  insoluble  in  water;  though  the  earth  itself  may  be 
known  from  all  others  by  its  great  solubility  in  water. 

Minerals.  Sulphate  of  barytes  or  heavy  spar,  is  the  hea- 
viest of  all  earthy  minerals,  having  a  specific  gravity  of  about 
4*7 ;  and  is  composed  of  67  barytes  and  33  sulphuric  acid.  It 
occurs  both  massive  and  crystallized,  with  a  lamellar  structure. 
When  massive  it  is  sometimes  curved,  and  its  primary  crystal 
is  a  right  rhombic  prism.  It  is  met  with  transparent,  white 
and  opaque,  yellowish  or  yellow,  reddish,  greenish  grey,  and 
bluish  or  blue : — its  presence  imparts  a  yellow  colour  to  flanM. 
It  is  found  in  the  leadmines  of  Derbyshire,  where  it  is  called 
cawk;  it  also  occurs  at  Alstone  Moor,  in  Arkendale,  and  Com- 
wall.  Several  varieties  are  found  on  the  continent,  one  of 
which,  called  Bolognian  stone,  is  remarkably  phosjihorescent 
when  heated.  Carbonate  or  Witherite,  consists  of  76  barjrtes 
and  22  car.  acid.  Specific  gravity  4*3.  It  occurs  massive, 
stalactitic,  and  crystallized.  It  abounds  in  the  lead  mines  in 
the  north,  and  is  found  in  several  other  mines.  Harmotinne  49 
silica,  16  alumina,  16  barytes  and  15  water  occurs  in  Scotland 
and  on  the  continent    Barytes  occurs  in  an  ore  of  manga- 
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ftese  14*7  per  o^nt  In  the  chapter  oti  geology^  w6 'kliairiiave 
to  mention  casoal  minerals  of  this  metalloid,  ^hicfK  afe  occa- 
sionally fonnd  in  the  fleets  formations. 

8.   STRONTIUM. 
86  Strontiiimy  14  Qsygmi, — StronUtet. 

'  Tuts  metalloid  resembles  barium  in  some  6f  W  properties ; 
H  his  1i€1io'iaitr&,  is  not  Ydlsitf le/  and  is  fHi^ble  with  difttbolty, 
(mM  f«  not  poisonous^  It  is  bn$  li  rare  substance,  its  minends 
haWag  net  or  been  fbnild  formkig  the  mass  of  a  rock. 

Tbe'  earth  ^mMet,  stfontian;  or  strontia,  is/ like'  alinthe 
e«r^9  wheta  qmit^  pure  tfndwell  dri^,  perfectly  wbiCe/ati<!t  has 
e^metlmes  been  "mistaken  for  barytds,  which  in^'nianjr 'of  ito 
properties  it  r^semUes/^t  it  hm  less  of  the  aOkalhie  taste:  "It 
bttnuiWidi  a  purple  flame/btft'when'mixcrd^ith  alcohol,  6)t  any 
irtheir  moist  ^oombustlble/ thcr  flttme  is  eartniae ;  and  its  specific 
fpwnkfiB  only  half  that  of  bai^tet  or  2.'  it  is  solable  int  300 
Hmea  itrwe%ht<yf  cold-water,  bididissollrtfii  more  readily  iniiot, 
aid  orystiiiiaes  in  cooling.  Muriate* of  barytes  drystalliifces  in 
thenboidal  platetf^  but  muriate  of  st^ontites  in  deader  hexagottal 
prbnui. 

MiNEBAU.^-Strotitianite  or  ciarbonate~  of  Btl*oittian/ 6d*6 
sIrOBtites;  30'  earbonio  tfcid,  0*6  water,  ^as  first  discovered  at 
Stroiitian  in  Scodand,  in  u  vein  pasiring  between  g^eis  and 
gramite^  with  fragment*  off  the  latter  iiiterposed/ And  kbcoin- 
panied  by  galena,  heaTy  spaf/cldcareoas  spar  and^iroii  pyHt^s« 
It  itf'massiye,  fibnras,  stellated  and  crystalUzed;  iu  fra^ttfints 
atf<e  genendly  conical.  It  is  of  a  greyish  or  greenish  colour, 
brownish,  or  deep  brown.  Barystrontianite,  or  stromnite,  Was 
find  ill  masses  on  mica  slate  at  Stromifess,  68*6  sulphate^  of 
atvontites,  27-5  siilphate  of  barytes,  2*0  carbonate  of  lime,  0*1 
omido  of  iron,  1*2  loss.  The  arr«^oiiile  contJtini  3*9  per  ceht  of 
eaaHbonale  of  strontites.  But  celestine  seems  to  be  its  most 
ibondant  mineral.  One  specimen  consisted  of  73  sulphate  of 
stMmtites,  26  166  sulphate  of  barytes,  0«213  alumina  ahd  oxide 
of]  iMn»  Itseems  to  belong  to  the' new. red  sandstone,  Or  red 
■iflK|i»  formatioii ;  and  is  principally  found  on  the  detached  parts 
of^ilwhef^  it  makes  the  nearest  approach  to"  the  primary  dis- 
trista.ivBMiiK^cotirs  on  the  i>anks  of  the  Midtl  ifeai' Knares- 
bertngli, "YorkBhire*    Near  Bristol;  also  near  Pi^tf  ilnd  id 
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Penflylvania,  it  is  found  in  such  quantities  as  to  be  used  in 
repairing  roads. 

9.    SILICIUM. 
31  SiHdnmy  30  Qsygra^— Silica  or  Silex. 

Though  this  substance  is  classed  among  the  metalloids ;  yet^ 
on  a  second  consideration.  Sir  H.  Davy,  did  not  think  it  of  m 
metallic  nature,  but  a  peculiar  substance  bearing  an  analogy  to 
boron,  carbon,  sulphur,  and  phosphorus.  It  enters  largely 
into  the  composition  of  cast  iron,  for  which  metal  it  seems  to 
have  considerable  affinity  :  hence,  perhaps,  it  is  that  flint  and 
steel  by  collision  afford  more  brilliant  sparks  than  can  be  o1>- 
tained  by  any  other  means.  The  particle  struck  off  is  always 
found  to  consist  of  a  globule  of  cast-iron,  so  that  a  chemical 
union  must  have  taken  place,  the  combination  in  all  probability 
being  facilitated  by  the  carbon  contained  in  the  steel.  Silicinm, 
next  to  oxygen,  is  the  most  abundant  substance  in  nature. 
Combined  with  oxygen  as  silica,  it  is  calculated  to  form  aboye 
.one-half  of  the  solid  crust  of  the  globe.  It  occurs,  though 
sparingly,  in  the  vegetable  kingdom,  forming  the  epidermis  of 
the  grasses,  stalks  of  corn,  reeds  and  canes;  and  has  occasion- 
ally been  detected  in  some  animal  productions,  as  hair,  Sec. 

SiUca,  silex,  sandstone,  or  flint,  is  found  in  the  greatest 
purity  in  quartz  or  rock  crystal,  when  these,  or  any  s^oious^ 
or  flint  stones  arcr  heated  red  hot  -and  thrown  into  water,  they 
are  rendered  white,  brittle,  and  capable  of  being  pulverised,  or 
reduced  to  silicious  earth  of  greater  or  less  purity,  according 
to  the  composition  of  the  stone.  Its  specific  gravity  is  2*26L 
It  is  perfectly  white,  void  of  taste  or  smell,  neither  soluble  in 
water  or  any  acid  except  the  fluoric,  and  resists  all  heat  except 
that  of  the  hydrogen  and  oxygen  blow-pipe.  Yet  nature 
seems  to  dissolve  it  in  the  formation  of  stalactitic  minerals,  or 
those  crystallized  earthy  substances  found  in  veins,  and  cavi- 
ties, the  basis  of  two-thirds  of  which  is  silica..  The  chalcedonio 
class  of  minerals  are  also  supposed  to  have  had  a  similar  origin, 
but  are  sometimes  petrified  organic  substances,  as  flints, 
agates,  &c.  The  beams  of  timber,  that  supported  Trajan's 
bridge  across  the  Danube,  were  examined  in  the  year  V7W; 
and  the  outer  parts  of  the  timber  to  the  depth  of  h^  an  inoh 
were  found  to  be  converted  into  agate ;  the  more  inward  part 
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was  slightly  petriBed,  and  the  centre  was  still  wood.  So  that 
the  silicioQs  matter  displaces  that  of  the  wood,  and  solidiGes  in 
its  place;  hence  snch  productions  often  exhibit  the  stmc- 
tnre  of  the  organic  remains,  as  some  agates  display  the  cortical 
layers  of  wood.  The  hot  fountain  in  Iceland  contains  silica  in 
s^^ution,  which  there  precipitates  and  fotms  an  incrustation 
around  the  crater,  and  silicious  stalactites  abound  in  lavas. 

Silica  is  very  easy  of  solution  with  the  fixed  alkalies,  with 
which  it  forms  glass.  For  transparent  cfoim  glass  only  silica 
and  alkali  is  used ;  but  they  must  be  kept  a  long  time  exposed 
to  a  very  intense  heat,  as  they  retain  the  last  particles  of  water 
with  rery  great  obstinacy.  The  ingredients  for  the  composition 
of  ^mf  glass,  in  London,  are,  120  white  sand,  40  pearl-ash,  86 
red  oxide  of  lead,  13  nitrate  of  potash,  and  25  black  oxide  of 
manganese.  Plate  glass  contains  a  little  lime  but  no  lead. 
For  common  green  bottle  glass,  a  portion  -  of  basalt  has  lately 
been  used,  or  the  waste  alkaline  ashes  of  the  soap  boilers 
supply  the  place  of  the  pure  alkali.  It  is  an  oxide  of  iron, 
contained  in  the  basalt  and  in  the  common  wood  ashes,  that  are 
frequently  introduced  in  the  manufacture  of  this  glass  which 
gives  it  the  colour.  For  that  opaque  kind  of  glassy  substance, 
called  enamel,  100  lead  and  30  tin  are  calcined  in  a  furnace ; 
and  then  these  oxides  are  fused  with  100  silica  and  20  potas.' 
Additional  metallic  oxides  give  the  different  colours. 

Minerals. — Silica  is  the  most  abundant  substance  in  na- 
ture. It  has  never  been  found  mineralized  by  any  acid,  but  it 
occasionally  enters,  in  very  small  proportions,  into  some  of  the 
acidiferous  earthy  substances.  Its  minerals  include  tbe  hardest 
gems  and  the  softest  clays ;  in  short,  it  forms  a  full  half  of  the 
most  tenacious  soils.  It  is  found  in  the  composition  of  a  few 
lare  and  crystallized  metalliferous  minerals  in  the  proportion  of 
80  or  40  per  cent,  and  in  small  proportions  in  the  most  abun- 
dant ores  of  iron.  For  the  composition  of  the  massy  rocks 
see  sec.  14. 

Qiuartz  is  pure  silica.  But  under  this  general  term  are  com- 
prehended many  minerals,  which  are  considered  as  varieties, 
because  they  consist  almost  entirely  of  silica,  with  perhaps  a 
very  minute  quantity  of  the  oxides  of  iron  which  gives  them  a 
variety  of  colours,  and  a  small  portion  of  water,  generally  as 
the  water  of  crystallization  ;  but  on  the  whole,  the  quantity  of 
foreign  ingredients  is  so  small  that  -it  does  not  affect  the  form 
of  the  crystal;  which  is  a  six-sided  prism,  terminated  by  six- 
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sided  pjramida ;  but  sometiiBes,  though  rardj,  t(e  bastf^p  of 
the  pynunida  are  joined  without  an  iatervenkig  prism.  The 
cross  fractare  is  often  perfectljf  conchoidal.  In  some  of  their 
exteroal  characters  thoj  widely  differ,  in  others  they  mostly 
agree ;  they  are  sufficiently  hard  to  scratch  glass^  and  when 
compact  will  strike  fire  with  steel ;  when  two  pieces  of  qnartz 
are  rubbed  together  in  the  dark  a  phosphorescent  light  is  pro- 
dnced,  and  an  odonr  like  that  oi  the  electric  fluid.  They  occur 
in  thie  fissures,  Tcins,  or  cavities  in  most  of  the  rocks  that  con- 
tain silica  in  their  composition,  but  they  often,  include  other 
substances:  the  following  are  the  principal  of  them;  rock- 
crystal,  avanturine,  prase,  milk-qnarts,  rose^uartz  (Boheinian 
ruby),  Tiolet  or  amethist,  yellow  or  Boheniiavi  and  Scotch 
topas  often  called  Cairngorm,  brown,  lerrfiginous  or  hyacinth 
of  Compostella,  irisated,  radiated,  fat  or  h^d,  having  a  gre^j 
feel. and  giring  out  a , fetid  odour»  hyalite,  cat's-eye,  opal  ^th 
its  rarieties. 

Chalcedony  includes  several  varieties  of  minerals,  agreeing 
in  their  general  chan^teirs.and  differing  ofdy  in  colour.  It  i^ 
composed  ,of  about  84. ^ca^  and  16  alumina.  It  occurs^  mas- 
sive; fpnuiiig  veins;  in  nodules;  in  botryoidal  masses;  and 
stalactitical.  ^  It  sometimes  exhibits  organic  impressions^  but 
is  neyer  crystallized.  Ijlie  oiiy^.  consists  of  alternate  layers  of 
brown  and  white  chalcedony,  and  when^  ^put  exhibi^,  opaqpif 
white  circles  resembling  the  iris  of  the  eye.  jSard  is  of  a/lf»p, 
rich,  reddish  brown  colour,  which,  by  tranfpjUod  light,  i^ 
preaches  to  blood  red.  Sardonyx  consists  of  alternate  layers  .ojf. 
onyx  and  milk  white  chalcedony.  Fhuma  is  of  a  duUiah,  uree^ 
colour,  with  yellow  and  whitish  dots  snppoaed  to  be  •chlorite. 
HeUaircpe,  bloodstone,  and  finest  varieties.  Oriental  j^iaper^ 
has  a  deej>  ^een  colour  with  blood  red  spots.  Ckrjf$apra$e 
contains  ». little  magnesia,  oxide  of  ir^,  and  nickel,  and  is  of 
an  apple  green  colour.  Ciinie^ii>  is  composed  of  &i  aiUea^ 
3*5  alumina,  0*75  iron.  Chalcedony,  also,  forms  the  basis  ..oC 
agate,  of  whipl^  there  are  five  or  sfx  varieties;  but  they  aciue- 
times  consist  ^  odier  pcecious.g^opi^  coateil  by  chal9edo|iy» 

Jatper  comprel^ends  ,a  variety  pf  jiinerala,  diati^^^hahle 
from  the  agate  by  th^  Opacity.  ^Thc^most,,comm<ya  colouri 
are  jellow,  brown,  a^^rqd.of  varifHia  shadef«  ^d.ai^inetimef 
green,  occasionaUy  intejriilijLed  lirith  sy^t^.i^  irregular ^;eia*» 
The,  Sgyptil^  Qpnsi^tf  of ^7$.  s^fa^^i^  M^w^W*  mA-A  magnesia. 
It  is  /ouQid  ab>llft  with  Jnasa^  ot  petrified,  ii^^qd,  9m9^  wjaoh 
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ifl  tbe^  pdm,  soattered  orer  the  sandy  desert  between  the  bor- 
ders of  the  Red  Sea  and  Grand  Cairo. 

The  Oopnet,  includes  about  a  doaen  varieties  that  differ 
considerably  in  their  composition;  the  precious  consists  of  35*76 
silica,  27*25  alumina,  86  oxide  of  iron,  0*25  oxide  of  manganese. 
Its  colour  is  a  beautiful  red  of  various  shades,  having,. some- 
times a  tinge  of  yellow  or  blue,  or  a  smoky  aspect.  It  belongs 
to  fniipary  rocks,  and  is  chiefly  found  in  mica  slate.  The  com- 
MOM  garnet  is  very  abundant  in  all  the  older  rocks. 

Lapit'LaxiUip  from  which  is  made  that  beautiful  pigment 
called  UUra-marime,  consists  of  64  silex.,  14  alumina,  28  car- 
bonate of  lime,  6*5  sulphate  of  lime,  3  oxide  of  iron,  and  2 
water.  It  is  of  a  fineaamre  blue  colour,  and  occurs  in  small 
in  primary,  rocks,  principally  granites ;  the  finest  spe- 
are  brought  from  China,  Persia,  and  Great  Bucharia. 

10.   ALUMIUif. 
64  Alnmiiun,  4fi  Oiygeii,««-AIiuniiMu 

Thb  basis  of  alumina  is  of  a  white  colour,  and  appearances 
were  in  favour  of  its  being  of  a  metallic  nature,  but  it  has  not 
yetbeen  obtained  in  such  a  state  as  to  render  a  minute  exami- 
uytioiL  pf  its  properties  practicable.  It  seems  of  an  alkaline 
nature,  but. by  reason  of  these  properties  being  so  strong  and 
its  affinity  for  oxygen  so  great,  its  true  nature  has  not  yet  been 
ayoeitained.  Combined  with  oxygen  as  alumina,  it  is  next  to 
ailiea  the  most  abundant  substance  in  nature,  forming  one- 
thixd  ctr  one-fourth  of  all  argillaceous  substances,  and  has  been 
detected  in  very  minute  quantities  in  the  vegetable  kingdom. 

Alumina,  alumine,  argil,  or  pure  clay,  is  perfectly  white, 
soft  to  the  touch,  adhesive  to  the  tongue  and  destitute  of  both 
taste  aad  smell;  but  one  of  its  characters  when  in  composition, 
a^d  hy  i^ich  ita  presence  may  always  be  known,  is,  that  when 
theonineral  isi  breathed  on,  it  gives  out  a  peculiar  smell  termed 
tha'aKgiljaceftHg  odour.  However,  as  it  does  not  belong  to  pure 
almoina^^itJis  supposed  to  be  owing  to  the  presence  of  the  oxide 
of  iron,.ir^cb.is  genially  a  component  ingredient  of  ajrgilla- 
ceona  mi^rals, .,  Alumine  is  nearest  to  a  state  of  purity  in  the 
conuidni9«and.ila  varieties ;  but  is  never  found  quite  pure  or  in 
a  native  atate  except,  perhaps  at  Halle,  in  Germany:  its  speci- 
fic gra^tgr  i|^  2^ .  J.t  issoluUe  in  all  the  acids,  as  well,  as  in  the 
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fixed  alkalies ;  shrinks  in  the  fire  at  very  high  temperaltures, 
and  may  he  insed  with  the  blow-pipe,  when  it  forms  a  Titreoos 
substance  sufficiently  hard  to  scratch  glass.  Being  impenrioas 
to  water,  it  is  of  great  service  in  securing  the  bottoms  and  sides 
of  canals;  and  it  forms  a  paste  with  water  that  may  be  moulded 
or  fashioned  into  any  shape.  Owing  to  the  alkaline  properties 
of  the  alumina,  fuller's  earth  is  useful  in  scouring  woollen 
doth.  With  the  oxides  of  iron  it  forms  ochres,  and  in  this 
state  it  abounds  in  Staffordshire  and  Derbyshire,  where  it  is 
known  by  the  name  of  raddle^  a  substance  much  used  in  colour 
making. 

Alumina  has  a  great  affinity  for  colouring  matter,  so  that  it 
is  an  important  article  in  the  hands  of  the  calico  printers,  but 
chiefly  as  alum,  a  peculiar  salt  of  which  this  earth  forms  the 
basis,  and  from  which  it  takes  its  name.  Alum  is  a  triple 
salt,  being  a  sulphate  of  alumina  and  potas.  Sulphate  of  alu- 
mina, or  alum  shale,  abounds  in  the  Lias  formation,  especially 
on  the  Yorkshire  coast;  and  a  part  of  the  alkali  is  procured 
from  burning  this  shale  with  brushwood,  Ac.  the  other  is  sup- 
plied from  the  potas  of  commerce.  A  manufactory  was  esU- 
blished  near  Guisbrough,  in  defiance  of  the  Pope,  in  the  time 
of  Queen  Elizabeth ;  and  has  with  little  intermission  continued 
somewhere  along  the  coast,  especially  near  Whitby,  ever 
since.  There  is  now  one  carried  on  near  Glasgow  ;  abundance 
of  aluminous  schist  having  been  laid  bare  and  formed  by  the 
workings  of  a  coal  mine.  At  this  place  ammonia,  procured 
from  putrid  urine,  is  used  instead  of  potash.  The  most  ancient 
manufactory  known  of  was  at  Roche  in  Syria,  hence  the  term 
Roch-alum.  It  has  a  variety  of  uses  in  the  arts,  but  most  of 
them  seem  to  depend  upon  the  properties  of  the  alumina. 

Alumina  is  what  gives  the  plastic  character  to  those  clays  or 
earthy  substances  of  which  bricks,  tiles,  earthenware,  china, 
and  porcelain  are  made :  though  in  all  these,  silica  forms  the 
better  half,  and  alumina  only  about  one-third  of  the  whole,  the 
rest  is  chiefly  oxide  of  iron,  with  lime  or  magnesia  in  smaU 
proportions.  But  indeed  some  of  the  most  esteemed  porcelain 
earths,  when  analyzed,  proved  only  silica  and  magnesia.  For 
the  formation  of  It/let,  brickM,  and  the  coarseit  earthenware,  the 
clay  is  generally  used  as  it  is  taken  out  of  the  pits,  full  of  im- 
purities. When  there  is  a  superabundance  of  silica,  the  articles 
want  tenacity  and  are  brittle;  and  when  there  is  too  much  alu- 
mina they  shrink  and  crack  in  baking;  the  oxide  of  iron  gires 
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them  their  red  colour,  and  where  lime  or  magnesia  is  in  knots 
or  in  quantity  above  a  certain  proportion,  it  swells  from  the 
attraction  of  moisture  and  carbonic  acid  from  the  atmospherct 
and  causes  the  whole  to  crumble  in  pieces ;  should  they  not  be 
sufficiently  fired,  the  ingredients  are  not  chemically  combined  in 
the  mass  and  they  attract  moisture,  when  the  articles  become 
shivery. 

For  the  Jmer  earthenware  the  clay  is  purified  and  mixed  with 
a  certain  quantity  of  burnt  and  ground  flint;  but  for  stone  ware, 
finely  ground  old  pottery  is  used,  and  it  is  baked  with  a  greater 
degree  of  heat  and  difierently  glazed.  Stone  ware,  as  well  as 
the  brown  and  some  of  the  white,  hare  but  one  firing :  for  while 
they  are  in  the  oven,  the  fumes  of  muriate  of  soda  are  let  in 
among  them,  which  is  decomposed  by  the  heat,  the  chlorine  or 
muriatic  acid  is  dispersed,  and  the  soda  forms  a  chemical  union 
with  the  silica  of  the  clay,  and  thus  vitrifies  the  surfaces  of  the 
articles.  The  others  are  glazed  with  the  oxide  of  lead,  which 
is  pernicious,  and  even  paralizes  the  hands  of  the  workmen 
when  much  employed;  Stone  ware,  therefore,  not  only  on 
account  of  its  compact  texture  and  durability,  but  also  of  the 
wholesome  nature  of  its  glaze,  is  to  be  preferred.  The  Jine  wkUe 
or  cream  coloured,  after  being  molded  on  the  wheel,  is  baked, 
then  dipt  in  a  vitrified  liquid,  principally  lead,  and  is  baked  a 
second  time  for  the  glazing.  If  painting  and  enamel  are 
required,  they  have  a  third  baking. 

Pcrceiam  or  china  generally  contains  a  little  magnesia,  which 
tends  to  prevent  its  shrinking  by  fire.  Beds  of  porcelain  clay 
generally  occur  in  granitic  rocks,  and  often  include  crystals  of 
feldspar,  of  quartz  and  of  mica:  one  specimen  consisted  of  62 
silica,  37  alamina,  and  6*33  oxide  of  iron.  It  is  supposed  to 
arise  from  the  decomposition  of  feldspar.  The  chief  characte- 
ristics of  porcelain,  are,  compactness  of  texture,  purity  of 
white,  and  semitransparency;  this  last  principally  distinguishes 
it  from  earthenware  which  is  always  opaque.  The  beautiful 
colours  of  its  paintings  are  made  with  metallic  oxides.  Purple  is 
obtained  from  gold,  yellow  from  silver,  green  from  copper, 
blue  from  cobalt,  violet  from  manganese,  and  red  from  iron. 
The  figures  are  done,  by  being  stamped  on  paper,  and  applied 
while  the  ink  is  wet,  but  they  are  farther  touched  up  by  the 
hand  or  pencil.  The  Chinese  alone,  till  the  beginning  of  the 
18th  century,  seem  to  have  possessed  the  art  of  making  por- 
cdain*    It*  was  so  scarce  and  so  valued  among  the  ancients, 
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thftt  al  the  iadeing  •f  AlevMidm  hj  the  R««i«ft9>  tfi^  S«i|M>6r 
A«gf«stQ8  retained  m  hiiipart  of  the  spoil,  oolya  peMeiiiiii'T6»> 
sel^  which  ia  rll  probability  had  oooie  frmn  China.  The^pOToe- 
lain  tower  of  Nan-king  m  China  at  among  '^  the  woodM«»<if4he 
world/'  It  if  an  octagonal  bnilding  of  nine  stariea;  «aeii  KUtry 
decreasing  in  width  as  the  anperstraotore  rises  to- the  Mght  of 
300  feet.  All  this  tower  is  covered  over  with  the  most  beavtifnl 
china^  and  has  stood  for  moro  than  400  years/  exposed  to  the 
snn  and  all  kinds  of  weather  with  nndimitoished  splendor. 
"  •  Miner ALS.^-Alimiina  is^an  ingredient  in  a  large>propatlk>n 
of  some  of  the  most  abundant  rocks,  primitive,  secondary  and 
aUofial ;  and  is  fouttd  in  all  soils ;  idso  in  small  proporlien9  ia 
a:  few  ores,  especiaOy  certain  of  4be  ores  of  iron ;  b^t  it  d<MS 
not  ebmpose  above  one -third  of  any  of  the  argillaeeons  miMi^als, 
except  a  few  of  the  precious  stones,  among  which  are  the  M* 
lowing. 

TheoonmclMiii  inclndes!  the  perfect  comndoos,  oommon 
oomiiidnm  and  emery.  Under  the  first  are  inclnded-'tlir^Mp- 
phise  uid  oriental  ruby,  which,  next  to  diamond,  ave4he.iaost 
valuable  of  the  precious  stones.  The  $mppkire  'is  eompeaed>  of 
96s5alumine^  0*1  lime,  and  1  oxide^  of  iron,  another  ^analysis 
£^▼0  no  lime,  bat  6-*26  sUica.  The  sapphire  has  manT-names 
depending  on  its  colour  and  lustre,  amongwhioh  are^tha  oiien«> 
tal  amethyst,  violet  and  Une;  the^  oriental  topaxr  yaHow; 
oriental  emerald,  green.  The  erienimi  rubif  is'Of  a-  blood  red 
oolour,.  but  ifl^.occasionally  posa  red,  -  or  haa  a  tinge  o^^violety  it 
eottsista  of  00  alumina,  7  silex,  and  4*^  oxide  of  iron.  Tho-aap* 
pliirean.d  ruby:  differ,  principally  in  cote«r  and-jhagdneas  nthe 
bdter  being  4fae  lass  hard*^  Their  specific  gtavily  ia  alMkt  4\ 
The:. primary  crystal  ai  sisg^y  aeute  rhennbieid;  the 'ruby  is 
diiafly  in  sixsided  prisois/fhey  occur  ia  tho vicinityio£{>iaai- 
tive  meontains,  and  some  ^  of  the  trap«-rocks.  TJie  finest  tare 
br<night  from  Ceyjon,  but  they  have  been  foond'  on^Moiit  St. 
Qioikmrdj  in  Bohemia,  France  and  Pm*tvgal.  Tlie-caauMm 
eonindum  sometimes  caUed  adamantine  epax  from  its  hardneast 
ooenrs  in  granite  chiefly  in  the  mountains  of  soutb^eastevB' Asia* 
via.  China,  Ava,  Malabar,  the  Camatio,  Bengal,  andThihfil, 
ftut.hf^  also  been  met  within  Piedmont  and'9weden4*/It  < 
aiats  of  86*6  al.,,  7  silica  and  4.oxide  of  iron.  Bmeryis  ^ 
poncd  of  86*6  alumina,  8  siloz  and  4  oxide  o£  irom.  *    •  • 

*  .T^e^^c^posis  sometitteaiiniped  ^d'  iiaaiflyicinnsp.aiisnl^*Qt*of 
^arioua shades  of  yettow,  green^  bliis,  Jilaeyt^ov  of.  red^^and 
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tranafaiodnt.  It  is  mostly  electrio  by  heat  with  polarity,  and 
has  a  speoifie  gr^nty  of  3*5.  The  white  Brazilian  topaz  consists 
of60ala.,  28  silica^  and.  19  fluoric  acid.  Bat  the  quantity  of 
this  aoid  varies  from  4  to  19  per  cent.,  and  the  yellow  contains 
a  small  portion  of  the  oxide  of  iron.  It  belongs  almost  eldn- 
sively  to  primary  districts  of  the  oldest  formation,  and  chiefly 
oconrs  in  tin  veins  traversing  granite. 

Cnf$6berylf  sometimes  called  the  oriental,  or  opalescent  chryso- 
lite, is  of  a  green  colour,  sometimes  with  a  yellow  or  brownish 
tinge,  and  occasionally  shews  a  bluish  white  light  internally. 
That  of  Brazil  is  composed  of  71*6  alumina,  18  silica,  6  lime, 
and  1*5  oxide  of  iron.  It  is  chiefly  found  in  Brazil  along  wi^ 
topazes,  but  occurs  along  with  sapphire  in  the  sands  of  the 
rivers  of  Ceylon.  In  North  America  it  occurs  in  granite  with 
garnet  and  emerald. 

The  tpmelle  ruby  consists  of  84*47  alumina,  8*78  magnesia, 
and  8*18  chromic  acid.  It  is  of  various  shades  of  red,  violet, 
or  yellow,  sometimes  black,  which  are  supposed  to  be  produced 
by  difTerent  proportions  of  the  acid.  It  has  various  names 
according  to  its  colonr,  and  chiefly  occurs  along  with  the  per- 
fect corundum.  Abofit  13  other  minerals,  whefein  alumina 
forms  above  50  per  cent,  might  be  enumerated. 

11.   ZIRCONIUM. 

The  earth,  zircon,  or  zirconia  has  not  been  completely  de* 
composed,  but  the  existence  of  oxygen  has  been  proved  b^ 
placing  potassium  in  contact  with  it  when  ignited  in  the  galvanic 
apparatus ;  by  which  means  the  oxygen  of  the  zircon  united 
with  the  potassium^  forming  potas  blended  with  dark  metallic 
particles.  The  quantity  of  oxygen,  or  the  nature  of  the  base  is 
therefore  not  known.  It  is  sparingly  found,  and  has  not  been 
put  to  any  use. 

Zirconia  has  a  specific  gravity  of  4.  It  is  a  fine  white  pow- 
der, without  taste  or  smell,  rough  to  the  touch,  insoluble  in 
water,  or  the  pure  alkalies,  but  may  be  solved  in  the  acids, 
though  not  after  *it  has  been  heated  to  whiteness.  If  kneaded 
with  water  and  cooled  gradually,  it  assumes  the  semitranspa- 
rencyofhorn. 

Minerals. — ^The  minerals,  which  are  principally  composed 
of  arcon,  are,  the  kyaemtk,  ihejargoan,  and  the  zirconite,  crystal- 
lized.   The  hyacinth  consists  of  70  zir.,  25  silica,  and  0*5  oxide 
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of  iron,  with  some  alamina.  It  is  of  icarious  shades  of  red, 
passing  into  orange  red,  and  is  transparent  or  translncent,  and 
of  a  lamellar  structure.  It  is  considered  of  volcanic  orig^,  and 
b  found  in  France,  Italy,  Bohemia,  Ceylon  and  Brazil.  The 
jargoon  occurs  in  Ceylon,  also  in  France;  it  is  of  a  greyish, 
yellowish,  brownish,  or  reddish  colour,  and  is  composed  of  66 
sir.,  31  silica,  and  2  oxide  of  iron.  The  composition  of  the 
zireoniie,  is,  64  zir.,  34  silica,  0*26  oxide  of  iron,  and  1  titanium. 
It  is  of  a  reddish  brown  colour  and  nearly  opaque,  and  occurs 
in  granite,  gneis  and  sienite.  The  exposure  of  some  of  Ifab 
class  of  minerals  to  heat  deprives  them  of  their  colour,  and  it  is 
said  that  they  have  been,  in  this  case,  sold  as  diamonds.  The 
eudyalite,  a  minend  found  in  Greenland,  contains  11  per  cent, 
of  lircon. 

12.  OLUCINUM. 
70  Glndmun,  30  Qxygen,— -Olndiie. 

8iR  H#  Davy,  in  his  experiments  on  the  earth,  glucilie,  or 
glucina,  found  such  appearances  as  warranted  him  to  con- 
clude that  it  consists  of  oxygen  united  Co  a  highly  inflammable 
metallic  base.  The  earth  is  a  white,  soft,  light  powder,  desti- 
tute  of  taste  or  smell,  somewhat  unctuous  to  the  touch,  and 
adhesive  to  the  tongue,  is  infusible  by  heat,  insoluble  in  water, 
but  yields  to  the  acids,  and  with  them  forms  sweet  tasted  but 
slightly  astringent  salts.  .  Like  alamina,  it  is  soluble  in  the  pure 
liquid  alkalies,  though  not  in  ammonia,  unless  it  is  the  car- 
bonate. It  is  a  very  rare  substance  occurring  only  in  the 
following  .  ..      I      . 

Minerals  :  vis.,  the  euclase,  beryl,  emerald,  gadolinfte  and 
topaeolite.  The  euckue  consists  of  21*78  glucine,  43*82  s3ica| 
30*56  alumina,  2*22  oxide  of  iron,  0*70  oxide  of  tin.  It  is  either 
colourless  or  nearly  transparent,'  or'  light  green  of  various 
shades,  or  bluish  green  and  bluid,  atid'has  a  specific  gravity  of 
3*06.  It  is  found  in  Peru  and  Brandl'.  Beryl  or  aqua-marine; 
is  of  various  shades  of  pale  yellow,  green  ^  aild  blue.  Its  crys« 
tals  have  been  met  with  more  than  a  foot  in  length,  and  foui^ 
inches  diameter,  and  nearly  transparent.  It  is  composed  of 
14  glu.,  68  silica,  16  alumine,  2  lime,  1  oxide  of  iron.  It  is 
considered  as  a  variety  of  the  emerald,  and  occu^  in  most  pri* 
mary  mountains.  The  emerald  consists  of  13  glucine,  64*6  sifioa. 
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16  ahuniiuty  1*6  limoy  and  3*2$  oxide  of  chrome.  Its  colour  is 
a  pore  and  beautiful  greep  of  Tarious  intensity.  It  never  occurs 
in  yery  large  crystals,  and  belongs  to  primary  mountains ;  the 
finest  are  found  in  Peru,  but  those  of  the  ancients  came  from 
Upper  Egypt  Those  large  ones,  spoken  of  by  various  writers, 
are  supposed  to  be  green  flnor  or  prase.  Gadolinite  contains 
about  5*5  per  cent,,  and  topazolite  4. 

13.   ITTRIUM. 

Tub  only  reason  there  is  for  <dassing  the  base  of  the  earth 
Ittria  or.  Yttria  among  the  metallic  substances,  is,  that  in  ex- 
periments similar  to  those  by  which  zircon  was  examined,  it 
gave  out  oxygen ;  hence  it  is  supposed  to  be  like  the  otiier 
earths :  viz.  oxygen  united  to  a  metallic  base.  The  earth  is 
much  like  glucine,  being  a  fine  white  insipid  powder,  forming 
sweetish  salts,  but  its  peculiar,  and  distinctive  feature,  is,  its 
great  specific  gravity,  which  is  4*842 — being  greater  than  that 
of  any  other  earth.  It  is  insoluble  in  water  and  the  caustic 
alkalies,  but  easily  dbsolves  in  a  solution  of  the  carbonate  of 
ammonia.  It  also  readily  dissolves  when  mixed  with  borax, 
in  which  combination  it  fornu  a  white  glass.  It  is  a  very  rare 
substance. 

Minerals. — The  gadolinite  found  <at  Ytterby  near  Roslagen 
bjL  Sweden,  is  composed  of  45*93  ittria,  16*90  protoxide  of 
cerium,  24*16  silica,  11-34  green  oxide  of  iron,  0*60  water.  It 
is  a  dark  iron-black  ore,  crystallized  in  oblique  rhombic  prisms, 
which  have  a  resinous  and  sometimes  a  metallic  lustre.  It  is 
inbedded  in  flesh-red  feldspar  and  gneis«  But  its  composition 
varies,  sometimes  it  contains  glucine  as  above  stated,  also  man- 
ganese and  alumina.:  a  variety  contains  thorina*  The  other 
minerals  in  which  it  occurs  are  the  orthite  3*44  per  cent;  Yttro- 
ccarite  14*60;  Yttrocolumbite  combined  with  oxide  of  iron  55* 
and  45  oxide  of  columbiunn..  It  is  found,  also,  in  the  neutral 
fluata  of  cerium^ 

14.  MINERALOGY* 

Mineralogy  is  opposed  to  geology  as  treating  of  the  inter- 
nal structoie  of  unorganized  matter,  or  the*  arrangement*  which 
the  original  particles  have  made  among  themselves^  so  as  to 
form  crystals  or  consolidated  into  rocks  : — ^it  therefore  has  che- 
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mical  affinity  or  the  attractioii  of  coheiion  for  its  basii :  wliile 
geology  treats  of  unorganized  matter  in  separate  masses,  and 
the  arrangement  ofthese  masses  in  the  formation  of  the  earth's 
ernst ;  it  consequently  has  its  foundation  in  the  great  revolu- 
tions which  have  taken  place  in  the  earth's  surface  since  the 
creation.  The  one  therefore  contents  itself  with  the  investiga- 
tion of  a  crystal,  or  a  very  small  fragment  of  a  rock ;  and  leads 
the  mind  to  contemplate  the  hidden  processes  that  have  been 
carried  on,  and  are  still  going  on,  within  the  silent  and  peaceful 
bosom  of  the  earth :  the  other  attempts  to  explore  the  excava- 
tion of  a  valley,  the  immeasurable  bulk  of  a  lofty  mountain,  or 
the  hidden  stores  of  the  mine ;  and  presents  the  imagination 
with  a  contrast  between  the  almost  imperceptible  changes  now 
taking  place  on  the  earth's  surface,  and  the  wild  confusion  that 
prevailed,  when  the  mighty  mass  of  waters  of  the  ocean  retired 
from  our  present  continents,  or  our  primitive  mountains  received 
their  birth  amidst  the  contention  of  these  waters  with  the  vast 
volumes  of  fire  which  broke  forth  from  the  earth's  solidifying 
mass.  But  as  they  both  have  for  their  object  the  investigation 
of  the  earth's  shell,  so  they  have  a  right  to  be  considered  a9 
different  branches  of  the  same  science. 

It  will  perhaps  assist  the  reader  in  forming  a  general  idea  of 
the  composition  of  the  earth's  surface,  or  so  much  of  the  whole 
mass  of  our  planet  as  is  known  to  man,  if  we  here  arrange 
under  one  view  and  without  any  comment  the  composition  of 
the  various  rocks,  as  near  as  we  can,  in  the  same  order  in 
which  they  occur  in  nature ;  beginning  with  the  oldest  or  lowest 
of  the  rocky  masses ;  and  then  add  a  few  remarks  on  such  of 
them  as  are  not  described  elsewhere.  The  following  rocks, 
then,  compose  the  earth's  surface;  and  are  partly  heaped  one 
upon  another,  and  partly  laid  side  by  side,  nearly  as  they  have 
been  formed.  The  minerals,  we  have  described  in  the  pro- 
ceeding sections  of  this  chapter,  are,  either  masses  of  no  great 
extent,  or  crystalline  substances  that  have  chiefly  been  formed 
by  the  stalactitic  process,  in  the  crevices,  clefts,  veins,  or 
cavities;  and  nearly  all  the  metals  of  the  following  chapter, 
with  the  exception  of  iron,  are  found  in  veins;  that  is,  under 
such  circumstances,  as  lead  us  to  conclude,  that  these  massy 
rocks  were  split  by  a  power  operating  b^ieath,  and  that  the  , 
metallic  matter  was  ejected  or  sublimed  from  a  much  lower 
depth  into  the  deft. 
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Qurts-rock,  98  tiles,  water,  and  rarying  proportioiit  of  oiide  of  iron. 

FeUapar,  (common)  62*83  silez,  17-02  alumine,  3  lime,  13  potash. 

(compact)  68*  mlex,  19  alumine,  1  lime,  5*5  potas,  5*5  iron,  2*5  water. 

Mca,  46-10  mlex,  31*16  alumine,  8*39  potas,  1*12  fluoric  acid,  8*65  oxide  of 
iron,  1*40  oxide  of  manganese,  0*87  water. 

lUc,  61  silex,  30*5  magnena,  2*75  potas,  2*5  iron,  0*5  water. 

Hornblende,  42*  ^lez,  12  alnmine,  11  lime,  2*25  magnesia,  30  oxide  of  iron, 
0*25  fermginoos  manganese. 

Hornblende,  (deep  green)  47*21  mlex,  13*94  alnmine,  12*73  lime,  21*86  magne., 
2*28  green  oxide  of  iron,  0*57  olive  oxide  of  manganese,  0*90  fluoric  acid, 
0*44  water. 

StatuMy  marble,  56  lime,  44  carbonic  add,  occasionally  a  little  silex. 

Serpentine,  (common)  44  mlex,  44  magnesia,  2  alnmine,  7*3  oxide  of  iron, 
1*5  oxide  of  manganese,  2  oxide  of  chrome. 

Serpentine  (noble)  42*50  silex,  38*63  magnesia,  1  alumina,  025 lime,  1*50 ox- 
ide of  iron,  0*62  oxide  of  manganese,  0.25  oxide  of  chrome,  15*20  water, 
0*05  loss. 

Dolomite  59  carbonate  of  lime,  40  carbonate  of  magnesia. 

Angite  48  nlex,  5  alnmine,  24  lime,  8*75  magnesia,  12  oxide  of  iron,  1  man- 
ganese. 

Flinty-slate  (Lydian  stone  or  touchstone  a  variety)  75  silox,  the  rest  lime,  mag- 
nesia, and  oxide  of  iron. 

Clay-slate  48  silex,  25*5  alumine,  1*6  magnesia,  1 1*3  oxide  of  iron,  0*5  oxide 
of  manganese,  4*7  potas,  0*3  carbon,  7'6  water. 

Soapstone  45  mlex,  9*25  alumine,  24*75  magnesia,  0*75  potas,  1  oxide  of  iron, 
18*  water. 

Steatite  64  mlex,  22  magnesia,  3  ox\de  of  iron,  5  water. 

Potstone  38  silex,  7  alumine,  35  magnema,  15  iron,  with  small  portions  of 
lime  and  fluoric  add. 

Black  chalk  64  dlex,  1 1  alundne,  11  carbon,  and  a  little  iron  and  water. 

The  above,  with  some  others,  and  several  varieties  and  com- 
ponnds,  are  to  be  found  among  the  primary  rocks;  the  transi- 
tion rocks  are  chiefly  combinations,  but  sometimes  varieties  of 
them.  ^ 


Basalt  of  Staffs  48  dlez,   16  alumine,  9  lime,  16  iron,  4  soda,  5  water,  I  nm* 

riatic  add. 
Basalt  of  Saxony  44*5  silex,  16.75  alnmine,  9*5  lime,  2*25  magneda,  2*6  soda^ 

20  oxide  of  iron,  0*12  oxide  ofmanganese,  2  water. 
Basalt  tn£i  of  Calton  Ifill  50  silex,  18*5  alumina,  3  lime,  16*75  iron,  4  soda, 

I  muriatic  add. 
Greenstone  of  Salisbury  Cragg  46  sikx,  19  alumina,  8  lime,  17  Iron,  3*5  soda, 

4  water,  1  muriaUc  add. 
Clinkstone  of  Anvergne  58  silex,  24*5  alumine,  3*5  lime,  4.5  iron,  6  soda,  2 

water 
Chlorite  26  dlex,  18*5  alnmine,   8  magnesia,  43  oxide  of  Iron,  2  muriate  of 

soda  or  potas. 
Obsiaaa  78  dlex,  10  alumine,  1  lime,  6  potash,  1*6  soda,  1  oxide  of  Iroa. ' 
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Fitchttone  73  rilex,  14*5  Almniiie,    1  lime,  1'75  soda,  1  ox.  of  iroB,  I  oxide 

of  maD£f&iie8ey8*5  water^  sometimefl  bitumeD. 
LtTftdl  sUex,  19  alomine,  10  lime,  4  soda,  14  iron,  I  water. 
Pamice  77*5  dlex,  17*5  alumine,  1*75  oxide  of  iron,  3  soda  and  potaa. 
Jade  53*75  silex,    1*5  alumine,   12*75  lime,  8*6  potaa,  10*75  soda,  5  oxide  of 

iron,  2  oxide  of  manganese,  2*25  water. 
Aabeatna  (amianthus)  59  sUex,  3  alnmine,  9  lime,  29  magnesia* 
Green  earth  53  silex,  2  magnesia,  10  potas,  28  oxide  of  iron,  6  water. 
Basaltic  hornblende  47  silex,  26  alomine,  8  lime,  2  magnesia,  15  iron. 

Most  of  the  above,  with  some  others,  belong  to  the  trap  fa- 
mily, the  rest  are  Tolcanic  products. 


Hie  secondary  marbles  are  a  numerous  class,  principally  carbonate  of  lioae,  or 

the  same  as  common  limestone  44  lime,  56  carboidc  acid. 
Ktaminous  limestone  49*65  lime,   40.1  carbonic  add,  8.8  alumine,  0*6  nlex, 

0*6  bitumen,  0*25  water. 
Caip  (of  the  lias)    68  carbonate  of  lime,    18  silica,  7*5  alumine,    2  oxide  of 

iron,  3  carbon  and  bitumen,  5  water. 
Chalk  56*5  lime,  43*  carbonic  acid,  5  water 
Phosphate  of  lime  54*28  lime,  45*72  phosphoric  acid. 
Sulphate  of  lime  (gypsum)  32*7  lime,  46*3  sulphuric  acid,  21  water. 
Magnesian  limestone  30  lime,  21  magnesia,  37  carbonic  aCid,  1  day  and  oxide 

of  iron. 

These  are  all  limestones,  but  there  are  several  other  varieties. 


Lenmian  earth  66  silex,  14*50  alumine,  6  oxide  of  iron,  8*50  water*  3*5  aa^ 

tron,  with  minute  portions  of  lime  and  magnesia. 
Cimolite  63  silex,  23  alumine,  1*25  oxide  of  iron,  12  water. 
£3ate  clay  86  alumine,  4  silex,  10  carbon. 

Potter's  clay  51  silex,  25  alumine,  3  lime,  iHth  trace  of  manganese  and  water. 
Iron  clay  of  the  Giant's  Causeway   31  dlex,  22  alumine,  4*5  lime,  85  oxide  of 

iron,  15  water. 
CKm-flint  98  dlex,  0*5  lime«  0*25  alumine^  0*25  oxide  of  iroti,  1  water. 


The  first  three,  viz.  quartz^  feldspar  and  mica^  are  the  consti- 
tuents of  granite,  and  contain  nearly  all  the  ingredients  found  in  the 
eairth's  crust,  and  nearly- in. the  same  proportion;  henoe^  granite 
may  be  considered  as  the  parent  of  all  the  r^t«  Thu^  all  the 
sandstones,  as  the  old  red  sandstone,  the  milstone  grit,  the 
sandstone  of  the  coal  measures,  the  new  red  sandsto^ae,  the 
sands  of  the  oolites,  the  iron  sand  and  green  sand,  maybe  con- 
sidered as  derived  from  the  quartz-rock. 
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PeUipar,  next  to  quartz  is  the  most  abundant  material  of  the 
earth's  shell,  in  short  it  conatitntes  from  70  to  80  per-cent  of 
most  granites.  There  are  seyeral  varieties  of  it,  constituted  of 
varying  proportions  of  the  same  elementary  substances.  It  is 
the  principal  constituent  of  the  trap  family,  and  as  it  contains 
a  considerable  proportion  of  potas,  that  has  a  great  affinity  for 
water,  hence  the  supposed  origin  of  all  argillaceous  rocks  and 
soils — Feldspar  occurs  of  various  colours,  though  the  flesh  red 
seems  the  most  prevalent,  the  other  colours  are  the  blue,  the 
grey,  the  green  and  milkwhite;  it  is  found  massive,  crystallised 
and  of  a  lamellar  structure;  it  is  sometimes  irridescent  and 
generally  polishes  with  a  pearly  lustre. 

Mica  occurs  disseminated  in  rocks,  massive  and  in  crystals, 
mostly  consisting  of  thin  plates  that  may  be  separated  with  a 
knife.  It  is  of  various  shades  of  while,  yellow,  gteen,  browni 
and  sometimes  Mack.  It  is  a  constituent  of  granite  and  occurs 
in  almost  all  the  formations,  especially  the  saiidstones  of  the  in* 
dependent  coal  formation,  and  also  in  alluvial  deposits.  In 
some  parts  of  Russia  it  is  in  plates  of  more  than  a  yard  diameter, 
is  called  Muscovy  glass,  and  is  used  instead  of  glass  in  Russian 
ships  of  war.  In  Pensylvania  it  serves  instead  of  window  glass. 
In  England  it  is  useful  for  inclosing  objects  for  the  solar  micro- 
scope, also  in  Sir  H.  Davy's  safety  lamp. 

Talc  is  often  mistaken  for  mica,  but  may  be  distinguished 
from  it,  by  being  only  flexible  while  mica  is  both  flexible  and 
elastic.  It  occurs  in  hexagonal,  tabular  crystals;  also  masdive 
and  indurated.  Massive  of  a  greenish  grey  colour  oocui'S  in 
Cornwall. 

Dolomiie  greatly  resembles  primitive  limestone,  but  is  mucli 
softer,  it  consists  of  fine  crystalline  grains,  lamellar;  is  some-^ 
times  slaty ;  the  mass  is  generally  white  with  a  tinge  of  yellow 
or  grey.  It  mostly  occurs  in  veins;  one  40  feet  wide  is  fotmd 
betweens  vertical  walls  of  basaltic  hornblende  in  lona,  a 
Scottish'isle. 

Avgite  is  mostly  met  with  in  basalt  and  volcanic  products  ik 
detached  grains,  small  crystals  or  amorphous,  and  it  is  a  matter 
of  dispute,  whether  they  had  been  left  unfused  by  the  volcahi6f 
action  or  crystallized  among  the  lava.  Its  colour  is  green,  brown,' 
or  brownish  black,  sometimes  black,  Wither  without  lustre  and 
opaque.  It  often  occurs  in  the  veins  along  with  a  valrlety  of 
other  crystalline  substances. 
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Soapstane,  is  massiye,  nearly  white,  or  grey,  sometimefl  with 
a  tinge  of  yellow  and  mottled  wit^  green  or  purple.  It  some- 
times includes  veins  of  asbestus  into  which  it  occasionally 
appears  to  pass.  Amianthus  or  flexible  asbestus  occurs  in  very 
long  and  extremely  slender  fibres,  which  are  very  flexible  and 
elastic,  and  of  a  whitish,  greenish,  or  reddish  colour.  It  is 
somewhat  unctuous  to  the  touch,  has  a  shining  or  silky  lustre, 
and  is  slightly  translucent'.  Both  soapstone  and  asbestus  usually 
occur  in  veins  of  serpentine. 

Steatite,  of  which  soapstone  is  supposed  to  be  a  variety,  oc- 
curs in  primary  mountains,  especially  serpentine,  but  in  consi- 
derable masses,  beds  or  veins.  That  of  Cornwall,  the  Isle  of 
Anglesey,  and  Skye,  as  well  as  the  soapstone,  is  much  used  in 
the  manufacture  of  porcelain.  The  Arabs  are  said  to  use  it 
instead  of  soap.  Humboldt  says  that  the  Otomaques,  a  savage 
race  inhabiting  the  banks  of  the  Oronoko,  are  almost  supported 
during  three  months  of  the  year,  by  eating  a  species  of  steatite, 
which  they  first  slightly  bake  and  then  moisten  with  water. 
The  New  Caledonians  are  said  also  to  eat  it 

Lemnian  earth  is  of  a  yellowish  grey  and  white  colour,  fre- 
quently with  ochreous  spots  on  the  surface.  It  was  dug  once  a 
year  in  the  isle  of  Lemnos  with  much  ceremony;  and  when 
impressed  with  the  Grand  Seignior's  seal  it  was  called  Terra 
ngUkUa,  and  formerly  used  in  medicine. 

Cimolite  abounds  in  the  bland  of  Argenteria,  formerly  called 
Cimola.    It  was  much  used  by  the  ancients  as  fuller's  earth. 

All  the  formations  of  rocks  from  the  oldest  to  the  newest, 
without  one  exception,  contain  crystalline  aubstances  thai 
seem  to  have  been  formed  subsequently  to  the  arrangement  of 
the  strata.  They  exhibit  no  marks  of  having  suffered  by  attri- 
tion, they  are  formed  wherever  they  found  a  cavity,  and  are 
nearly  related  in  composition  to  the  rocks  in  which  they  occur. 
Now  all  the  rocks,  except  trap  and  granite,  are  in  strata,  and  it 
is  agreed  on  all  hands  that  their  materials  had  been  deposited  from 
water.  But  the  granite,  serpentine,  sienite  and  trap  fiemiily,  have 
been  fused  by  heat;  and  though  some  of  them  have  been  deposited 
in  the  presence  of  water,  yet  their  materials  have  not  been  sui* 
pended  by  tbe  water,  and  so  deposited  from  it.  However  both 
these  and  the  older  stratified  rocks  occasionally  exhibit  inter- 
nally a  crystalline  structure.  And  all  the  rocks,  but  especially 
the  oldest,  are  traversed  by  fissures  more  or  less  vertioad.    llie 
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fissureB  in  the  oldest  rocks  oontaiii  the  metallic  ores ;  they  are 
trailed  Teiii8»  and  in  these  the  ores  are  generally  in  crystals, 
Imt  along  with  the  ores  is  always  a  variety  of  other  substances 
mostly  crystalline,  which  occupy  the  chief  part  of  the  rein, 
and  very  often  the  whole  of  it. 

Now  the  circumstances  under  which  crystals  may  have  been 
formed  are  the  following :  Jirii,  when  a  substance  was  fused  by 
heat»  and  then  was  cooled  in  a  dry  state,  as  granite,  serpentine^ 
sienite,  some  of  the  traps  and  the  metallic  ores.  Secmuify,  when 
Aued  and  deposited  in  the  presence  of  water,  as  gneis  and 
those  traps  which  contain  soda,  nirdfy,  as  deposited  from 
water,  and  afterwards  partially  fused  by  heat  and  electricity,  so 
that  the  chemical  affinities  became  active,  and  new  combina- 
doBs  ensued,  as  in  mica-slate,  down  to  the  new  red  sandstone ; 
or  famrikfy,  by  the  electricity  only  assisting  the  inherent  fluids, 
uo  that  a  mere  consolidation  took  place,  and  new  combinations 
were  on  a  less  scale,  as  in  the  oolites,  chalk,  Ac.  Fifthbf,  the 
formation  of  stalactites,  which  was  occasioned  by  the  percola- 
tion of  water  carrying  off  the  new  combinations,  and  precipi- 
tating them  in  cavities,  which  equally  took  place  in  all  the 
rocks,  but  mostly  in  the  oldest,  and  gave  rise  to  more  than  half 
the  minerals  enumerated  in  treatises  upon  this  subject  And 
ituihff  periiaps,  sublimation  from  internal  heat,  which  might  de- 
posit many  of  the  metallic  ores  and  some  of  the  sparry  incrus- 
tations. 

15.   CRYSTALLIZATION. 

The  characters  of  crystals  are  of  two  kinds,  chemical  and 
external;  but  though  the  extremes  of  each  class  are  very  widely 
apart ;  yet,  so  intimately  are  they  connected,  that  we  cannot 
say  where  the  one  terminates  and  the  other  begins.  The  che- 
mical, in  general,  are  such  as  arise  from  the  simple  elementary 
substances  that  enter  into  their  composition,  their  definite  pro- 
portions, and  their  combinations.  Now  as  most  minerals  are 
variously  compounded,  one  of  the  elementary  substances  may 
be  present  under  a  variety  of  forms ;  that  is,  it  may  have  parted 
wiUi  one  definite  proportion  of  its  electric  fluid  in  one  combina- 
tion, with  two  in  another,  and  with  three  or  more  in  a  third. 
Consequently,  when  the  molecules  of  these  different  combina* 
tions  come  together,  they  will  present  different  affinities ;  and 
if  jthey  are  suspended  in  a  menstruum  that  permits  of  a  free 
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motion^  or  iacilitatoa  their  moyemeoto,  so  tkat  thj^j  nmybe 
iotirely  obedient  to  their  inherent  mutual  attraotion*^  the  oppOi- 
ffite  sides  or  poles  of  each  molecule,  will  dispose  themselves 
recording  to  their  affinities. 

For  instance,  calcareous  spar  or  crystalliaied  carbonate  of 
lime,  is  composed  of  lime  and  oarbonicacid;  the  constituents 
of  lime  are  calcium  and  oxygen,  and  of  carbonic  acid  carbon 
and  oxygen.  Now  as  carbon  and  calcium  are  never  found  com- 
bined without  the  intervention  of  oxygen,  we  suppose  the 
attraction  between  these  substances  to  be  occasioned  by  the 
oxygen.  But  as  the  oxygen,  in  all  probability,  has  parted  with 
different  proportions  of  its  electric  fluid,  the  attraction  will  only 
be  in  one  of  them ;  that  is,  if  the  oxygen  oombined  with  the 
carbon,  has  parted  with  one  definite  proportion  of  its  inhereit 
aleotric  fluid,  and  that  oombined  with  the  calcium,  two ;  then, 
the  calcium  of  the  lime  will  attract  the  oxygen  of  the  carbonic 
acid.  Now  suppose  a  molecule  of  lime  to  consist  of  an  origiMl 
particle  of  calcium  and  one  of  oxygen ;  and  a  molecule  of  aei4 
to  consist,  in  like  manner,  of  an  original  particle  of  carb<ui  and 
one  of  oxygen.  As  the  positive  electricity  is  predominant  in 
the  carbon  and  calcium,  and  oxygen  is  the  storehouse  oi  the 
negative  fluid,  each  molecule  will  have  a  positive  and  negative 
pole.  But  as  substances  in  which  the  same  electric  fluid  is 
inherent  repel  each  other,  and  those  in  which  die  opposite 
fluids  are  inherent  attract  each  other ;  consequently,  the  n^ar 
tive  or  oxygen  pole  of  the  acid  molecule  wiU  attract  and .  com- 
bine with  the  positive  or  calcium  pole  of  the  lime  molecule. 

We  have  arrived  at  the  above  conclusion  on  the  supposition 
of  the  calcium  and  carbon  being  elementi,  hut  we  have  already 
shewn,  in  Chap.  IX>  s.  6,  that  they  omit  be  compound  subr 
atances ;  and,  therefore,  wh%t.  we  have  couaUlered  aa  ongiml 
pertiofes  must  in  fact  be  molcouWf  possessed  of  polaritiea* 
This  is  an  obstacle  to  our  arrivuig  a(  wy  idea,  of  the  QgjUXQ  or 
exact  position  of  these  orig;inal  p^ttcHea  iu  the  avra«g«ii>onl  of 
our  molecule  of  carbonate  of  list^  only  we  mist  oonchide  that 
It  will  possess  a  certain  de6nite  Qgure  with  polarity  i  yo^  how- 
ever thU  may  be,  when  9,  seqond  iaoie«id/»  >pipa  with  the  fire^ 
it  must  join  according  to  these  polwUea,  at  aUo  %  tbif4 }  an^ 
therefore,  when  a  number  of  tbMc  are  iesMjas  iu  %  maBflnuMi» 
as  in  water,  or  even  in  a  atate  of  aublimation,  HkPJ  witt  attmot 
each  other  and  solidify,  but  they  nmat  joiu  aocqirduif  te  their 
polarities.     Now  these  originaL  comhinAtione  aie^  p^biNP% 
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nnllioiis  of  timefl  too  small  to  be  deteoted  by  the  sight ;  yety 
we  always  find  them  as  well  as  other  like  combinationSy  when 
sach  a  number  has  been  combined  as  we  can  see,  possessed  of 
more  or  less  of  a  symmetrical  or  geometrical  shape,  being  solids 
bounded  by  plane  surfaces  that  meet  at  different  angles.  Yet 
the  same  combinations  always  present  the  same  figure  with  the  ^ 
same  angles ;  the  smallest  perfect  crystal  of  carbonate  of  lime 
that  can  be  observed,  is,  an  oblate  rhomboid ;  and  its  opposite 
angles  are  105deg.  5min.  and  74deg.  .65min. 

Though  we  are  not  yet  able  to  pursue  crystallization  from  the 
first  combination  of  a  few  original  particles,  or  molecules,  to  it* 
full  derelopement  in  the  perfect  crystal,  for  to  do  so  is  what  Sir 
H«  Davy  supposes  will  **  constitute  the  mature  age  of  chemistry/' 
to  which  age  this  science  is  iar  from  baring  attained ;  yet,  the 
abore  remarks  will  serve  to  point  out  to  the  reader  the  road  on 
which  its  future  cultivators  must  travel;  and  also  the  field 
wherein  a  great  part  of  succeeding  discoveries  mast  be  made^ 
For  to  this  source  must  be  traced,  all,  or  most  of  the  external 
characters  of  minerals ;  such  as  are  comprehended  in  the  fol- 
lowing list:  external  form,  structure,  fracture,  frangibility,; 
hardness,  transparency,  lustre,  colour,  fiexibtlity,  elasticity, 
double  refraction,  touch,  taste,  odour,  streak,  powder,  adhesion 
to  the  tongue,  magnetism,  electricity,  phosphorescence,  and 
specifio  gravity. 

It  would  far  exceed  our  limits  to  offer  remarks  on  all  these 
eharacters,  some  of  which  belong  to  every  mineral  substance, 
others  only  to  a  .few.  Yet,  from  what  we  have  already  said, 
the  reader  may  perhaps  be  able  to  form  conjectures  himself 
concerning  some  of  them.  External  farm,  for  instance :  he 
will  always  find  the  most  simple  minerals,  that  is,  such  as  con- 
tain the  fewest  elements  in  Uieir  composition,  to  present  the 
most  simple  external  forms ;  and  vice  vers^,  those  that  are  the 
most  variously  compounded  have  crystals  of  the  greatest  com- 
plexity of  figure.  This  is  a  natural  result  of  the  original  mole- 
cules of  the  most  compound  substances  possessing  the  greatest 
number  of  poles,  or  the  most  complex  polarity. 

Structmre.  As  each  crystal  is  conspoeed  of  an  almost  infinite 
MindMr  of  moleeules,  and  as  these  iu  joining  together  always 
j^eserre  the  same  symmetrical  form  aeeording  to  their  politfi- 
ties;  so  the  external  structure  wiU  display  an  almost  infinite 
number  of  jok^.  For  when  tke  original  molecules  join,  they 
witt  yum  with  the  peka  that  have  the  greatest  attraction  for  each 
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other;  conieqnently>  the  external  parts  or  poles  of  these  neir 
molecales  will  have  less  attraction  for  each  other  than  the  inter-* 
nal.  They  will  therefore  cohere  with  less  force  than  the  inter- 
nal; and  consequently  a  crystal  will  sooner  separate  he tween 
these  external  than  internal;  and  hy  reason  of  the  symmetrical 
form  preserved  hy  the  polarites,  this  will,  in  many  cases,  give 
rise  to  a  lamellar  stmctnre.  Each  crystal  must  therefore  pos- 
sess a  number  of  joints  according  to  its  shape,  consequently  we 
find  that  a  crystal  can  only  he  cut  or  divided  according  to  its 
joints,  called  its  cleavage.  Calcareous  spar,  for  instance,  can 
only  be  divided  into  rhomboids  with  the  above  angles;  but  as  a 
rhomboid  has  six  planes,  which  are  parallel  two  and  two,  it 
therefore  possesses  natural  joints  in  three  directions.  Other 
minerals  will  yield  in  many  directions,  though  some  only  easily 
in  one.  But  thetr  cleavage  has  always  a  reforence  to  the  primi- 
tive crystal,  that  is,  the  smallest  perfect  crystal  that  can  be 
obtained.  The  whole  number  of  primitive  crystals,  as  found 
in  difierent  minerals,  are  supposed  to  be  comprehended  under 
the  following  varieties;  viz.  the  regular  tetrahedron,  the  cube, 
the  rhombic  dodecahedron,  the  octohedron,  the  six-sided  prism, 
and  the  parallelepiped.  Now  the  crystals  of  a  mineral  from 
whatever  part  of  the  world,  and  however  at  first  sight  unlike 
each  other  in  external  form,  will  always  possess  such  a  mutual 
relation  as  will  enable  the  observer  to  trace  them  to  the  same 
primary  form. 

Fracture.  In  cleaving  a  crystal,  it  is  divided  according  to 
its  joints,  or,  the  external  poles  of  its  original  molecules  are 
separated,  which  having  a  less  attraction  for  each  other,  is 
easily  done,  and  the  divided  parts  always  display  smooth  sur- 
faces or  perfect  planes.  But  yrac/vre  is  here  used  to  signify  a 
division  across  or  contrary  to  these  natural  joints,  when  perhi^ 
some  of  the  internal  parts  are  separated.  It,  therefore,  requires 
a  much  greater  force  to  produce  this  kind  of  division  than  the 
other;  and  the  fractured  part  always  displays  a  rough  and 
uneven  surface. 

FrangibiUty  refers,  principally,  to  the  ease  with  which  a  sub- 
stance may  be  broken  to  pieces ;  and  its  two  extremes  may  be 
considered  as  very  brittle  and  very  tough.  Perhaps  it  may  be 
thus  explained :  when  the  compound  molecules  possess  decisive 
polarities,  the  substance  will  be  brittle ;  when  they  do  not,  it 
will  be  tough.  Ice,  or  crystallized  water,  for  instance,  is  com- 
posed of  oj^ygen  and  hydrogen.    Now  those  are  both  elements 
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a  molecule  of  water,  therefore,  will  present  a  decisively  nega- 
tire  and  positiye  pole.  In  the  arrangement  of  the  crystal,  the 
same  electric  poles  will  be  at  the  greatest  possible  distance : 
when  these,  therefore,  are  brought  nearer  to  each  other,  by 
bending  or  hammering  the  ice,  they  become  repnlsiFc  and  fly 
asunder.  Bat  where  more  original  particles  are  conjoined  to 
form  one  original  molecule,  the  polarities  cannot  be  decisire, 
that  is,  a  positive  or  negative  original  particle  may  always  be 
interposed  between  two  negative  or  two  positive  particles ;  con- 
sequently, two  and  two  of  a  sort  may  not  be  opposed  to  each 
other,  and  therefore  thi^  repulsion  will  not  take  place.  How- 
eyer,  decisive  toughness  is  not  a  character  of  crystals  :  for  to 
be  really  tough  an  original  molecule  must  be  separated  from  its 
place,  and  yet  retain  its  adhesion,  when  it  is  evident  its  crys- 
talline structure  must  be  destroyed.  Now  pure  iron  is  supposed 
to  have  a  crystalline  structure  and  yet  is  tough.  But  by  ham- 
mering, the  original  molecules  (for  all  the  metals  are  supposed 
to  be  compound  substances)  are  brought  nearer  to  each  other, 
and  it  then  becomes  brittle.  This  may  be  said  to  be  occasioned 
by  the  loss  of  caloric,  since  by  smart  hammering  all  the  latent 
caloric  is  supposed  to  be  beaten  out;  however,  such  is  the 
intimacy  between  latent  caloric,  and  the  inherent  or  essential 
electric  fluids  in  all  substances,  that  we  cannot  in  the  present 
state  of  the  science  draw  any  line  of  distinction  between  them. 

From  what  has  been  said  of  frangibility,  it  is  easy  to  account 
for  hardness,  flexibility,  elasticity,  and  specific  gravity. 

Hardness  must  depend  upon  the  force  with  which  particles 
attract  each  other ;  and  difiers  from  toughness,  in  their  unwill- 
ingness to  approach  nearer  than  their  fixed  limits.  Flexihiliiy 
is  a  variation  of  toughness,  and  is  here  opposed  to  eloiticUy, 
A.  mineral  is  said  to  be  flexible  when  it  not  only  bends  but  re- 
mains bent,  as  talc;  while  an  elastic  one,  as  mica,  not  only 
bends,  but  when  at  liberty  returns  to  its  natural  position.  In 
a  flexible  substance,  therefore,  the  original  particles  are  remo- 
ved from  their  situations  without  yielding  any  part  of  their  at- 
tractions or  repulsions;  that  is,  without  being  removed  beyond 
the  limits  of  attraction,  or  compressed  within  the  limits  of  re- 
pulsion, for  as  they  change  place  they  are  still  attracted  by 
others.  In  an  elastic  body  when  bent,  some  particles  are  re- 
moved beyond  the  limits  which  they  occupy  in  the  substance 
at  rest;  and  yet  are  not  beyond  the  limits  at  which  they  cease 
to  attract;  and  others  are  compressed  within  the  limits  of  re- 
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pulsion,  when  the  repulsion  becomes  greater,  (see  GravitA* 
TiON,  Chap,  XIV.)  and,  therefore,  when  the  bending  force  is 
removed,  the  substance  will  return  to  its  natural  position,  and 
the  particles  will  return  to  the  limits  at  which  attraction  and 
repulsion  are  nearer  to  balancing  each  other.  The  particles 
therefore,  of  the  flexible  substance  change  situation  with  res* 
pect  to  each  other,  and  the  removed  particles  form  new  rela- 
tions; this  is  not  the  ca^e  in  elastic  substances;  the  mutual 
relations  remain  the  same,  and  the  struggle  of  the  particles  to 
regain  their  speciGc  distances,  is,  the  cause  of  the  elasticity. 

Specific  QratiUf.  From  the  above  remarks,  the  reader  will 
readilj  understand,  why  a  crystalline  substance  requires  more 
space  than  one  uncrystalliaed;  as,  for  instance,  why  ice  should 
fill  one-fifteenth  more  space  than  its  water;  and  why  there 
should  be  a  difference  in  there  specific  gravity,  notwithstand- 
ing a  considerable  loss  df  caloric.  But  the  foundation  of  spe- 
cific gravity,  in  general,  is,  in  the  intimacy  of  combination,  or 
depends  on  the  number  of  the  definite  proportions  of  the  inhe- 
rent electric  fluids,  which  the  combined  elements  have  parted 
with.  Thus,  in  Chap.  IX.,  s.  6,  we  represented  barytes  as 
detaching  sulphuric  acid  from  all  substances,  and  as  parting 
with  its  tenth  definite  proportion  of  inherent  electric  fluids;  ac- 
cordingly we  find  sulphate  of  barytes  possessing  a  greater  spe- 
cific gravity,  than  any  other  known  earthly  mineral,  being  4*7, 
which  is  almost  double  that  of  the  generality  of  such  minerals. 
We  also  see,  why  a  substance  when  hot  should  have  less  spe- 
cific gravity  than  when  cold,  because  the  caloric  arranges  it- 
self in  the  mass  in  the  same  manner,  or  with  as  much  r^^la- 
rity  as  the  inherent  electric  fluids  are  arranged.  (See  Light 
and  Heat,  Chap.  XIV.) 

Eiechidty.  Many  minerals  by  friction,  or  when  heated  be- 
come charged  with  the  Combined  electricities;  the  fluids  ar- 
ranging themselves  on  the  opposite  sides  or  ends  of  the  same 
crystal.  This  is  another  natural  result  of  the  polarities  of  the 
original  molecules,  and  shews  that  the  negative  are  arranged 
in  one  direction,  and  the  positive  in  another.  Now  as  the 
uncombined  positive  fluid  shews  a  predilection  for  substances 
which  contain  the  most  oxygen,  and  the  negative  for  those 
which  contain  the  least,  the  positive  fluid  will  arrange  iiBell  at 
the  negative  pole,  and  the  negative  at  the  positive.  What  mmjU 
farther  depend  on  these  pc^arities  of  the  odginal  moleouka,— 
the  end  that  attracts  the  positive  usually  present*  the  greatest 
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nuinber  of  faces.  Those  minerals,  not  excitable  by  heat,  ge- 
nerally have  their  opposite  ends  and  sides  equal;  but  sometimes 
opposite  sides  exhibit  electric  phenomena. 

Though  in  the  above  conjectures  on  crystallization,  we  sup- 
posed the  integrant  molecules  suspended  in  a  menstruum  that 
permitted  a  freedom  of  motion;  yet  this  is^  not  absolutely  ne- 
cessary to  the  formation  of  crystals;  for  in  a  fused  mass,  there 
fs  reason  to  believe  that  the  molecules  assort  themselves  in  the 
process  of  solidifying;  but  that  they  may  solidify  without  crys- 
tallizing, or  before  they  shoot  into  crystals.  This  seems 
proved  by  the  experiments  of  Mr.  G.  Watt  on  a  large  mass  of 
basalt;  in  whicli  the  formation  of  a  radiated  structure  took 
place,  and  spherical  forms  were  assumed  after  the  mass  became 
soUd ;  and  after  many  days  small  crystals  began  to  appear  in 
the  stony  substance :  so  that  the  change  went  on  from  glass,  to 
a  rock  inclosing  crystals.  Glass,  when  kept  for  some  time  at 
a  heat  just  short  of  fusion,  becomes  crystalline,  or  assumes  a 
granular  or  fibrous  structure,  and  thus  forms  what  is  caUed 
Reaumur's  porcelain.  With  the  assistance,  therefore,  of 
vast  charges  and  discharges  of  electricity,  may  granite  have 
assumed  its  crystalline  state,  like  the  consolidating  basalt;  and 
like  the  glass,  may  all  the  imbeded,  but  generally  apparently 
comminuted  crystals  of  the  older  rocks,  have  been  formed; 
whila  the  sparry  or  stalactitic  orystals,  with  their  feathery 
and  fantastic  forms,  or,  occasionally  filling  the  whole  of  die 
cavity,  whether  a  mere  crevice,  a  rent  or  vein,  entirely  fuU# 
wtce  formad  by  the  asaistanoe  of  waler  or  siAUmation. 
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CHAR  XIIL 
The  Metals. 


Rbmarks.  2.  Iron.  3.  Tin.  4.  Zinc.  5.  Mamoanise.  6.  Osmium.  7. 
Cerium.  8.  Tellurium.  9.  Titanium.  10.  Uranium.  II.  Nickel* 
13.  CoEALT.  13.  CoprBE.  14.  Lead.  15.  Antimony.  16.  Bismutb. 
17.  Meecuet  oEQuicKtiLVEE.  18.  Aesenic.  19.  Molybdenum.  90. 
Tungsten.  31.  Cbeomium.  23.  Tantalium  oe  Columbium.  33.  Platina. 
34.  OoLD.  36.  Silvee.  36  Palladium.  37.  Rhodium.  38.  Iridium. 
39.  Cadmium. 


1.  REMARKS. 

The  general  characteristics  of  the  metals,  are,  hardness, 
tonaoity,  lustre,  opacity,  fusibility,  malleabUity,  ductility,  great 
specific  gravity,  -  superior  power  of  conducting  heat  and  Ae 
electric  fluids,  and,  when  in  oxides,  a  capability  of  uniting  with 
the  acids  and  with  them  forming  metallic  salts ;  also,  after  being 
(used  by  heat  and  left  to  cool  slowly  and  quietly,  they  crys- 
talliie  mostly  in  octohedrons,  which  is  the  general  form 
of  the  crystal  in  such  as  are  found  natiye.  They  are  28  in 
number,  though  only  7  were  known  to  the  ancients;  ris.  gold, 
siiyer,  mercury,  copper,  iron,  tin  and  lead.  They  are  the 
great  agents  b^  which  man  is  enabled  to  explore  the  bowels  of 
earth,  examine  the  recesses  of  nature,  and  form  almost  every 
instrument  of  manual  occupation.  In  short  the  manufiictnre  of 
the  metals,  is  the  chief  badge  of  civilised  life,  since  savi^es 
have  never  been  occupied  therewith. 

They  are  generally  .taken  from  the  bowels  of  the  earth,  eithtat 
in  a  state  of  combination  with  other  metals,  with  sulphur,  with 
oxygen  or  with  the  acids;  though  specimens  of  some  few  are 
frequently  met  with  in  a  state  of  purity:  when  they  are  said  to 


Digitized  by  VjOOQIC 


THE  METALS*  815 

be  native.  There  are  varioas  modes  of  separating  them  from 
their  ores;  saoh  as^  washing,  roaating,  fusion;  though  this  is 
principally  in  the  large  way;  others  must  be  separated  by 
forming  amalgams;  and  the  acids  not  only  form  chemical  tests 
to  ascertain  what  metals  are  present  in  t>res,  but  certain  of 
them,  even  in  the  large  way,  are  only  to  be  dissolved  or  sepa« 
rated  by  their  agency.  Were  it  not  for  the  art  of  pouring  a 
concentration  of  oxygen  upon  them  in  the  form  of  an  acid,  and 
thus  reducing  them  to  that  state  most  fit  for  the  purpose,  some 
of  the  metals  of  the  greatest  service  in  the  arts  would  be  of  no 
use. 

The  metals  may  be  divided  into  4  classes.  1.  Those  which 
absorb  oxygen  and  decompose  water  at  a  high  temperature,  viz. 
iron,  tin,  zinc,  and  manganese.  2.  Those  which  absorb  oxygen 
at  different  temperatures,  but  do  not  decompose  water  at  any 
temperature:  they  are  osmium,  cerium,  tellurium,  titanium, 
uranium,  nickel,  cobalt,  copper^  lead,  antimony,  bismuth,  and 
mercury :  but  the  first  five,  on  account  of  their  having  been 
found  in  very  small  quantities,  have  not  yet  been  applied  to  any 
use.  8.  The  metals  which  do  not  decompose  water,  but  ab- 
sorb otygen,  and  are  thereby  converted  into  acids,  they  are 
arsenic,  molybdenum,  tungsten,  chromium  and  columbium. 
4.  Those  which  do  not  decompose  water,  nor  absorb  oxygen 
from  the  atmosphere  at  any  temperature,  viz.  platina^  gold, 
silver,  paUadium,  rhodium  and  irridium« 

2.   IRON. 

34*5  iron   ..    10  oxygen,  green  or  black  ozide>  being  the  scales  from  hot  iron. 
34*5  iron    »    15  oxygen,  red  oxide,  or  msi  of  iron,  but  conunon  mstis 
always  saturated  with  carbomc  acid. 

Specific  gravity  7*7. 

Pure  Iron  is  of  a  bluish  grey  colour,  has  a  granular  texture, 
Im  very  hard,  less  malleable  than  gold,  silver,  or  copper,  but 
more  ductile,  and  is  the  most  elastic  of  all  the  metals.  It  fuses 
with  difficulty  by  heat,  but  is  soluble  in  the  acids,  and  then  has 
a  disagreeable  taste.  It  emits  a  peculiar  smell  when  strongly 
nibbed,  is  attracted  by  the  magnet,  and  wiU  under  certain  cir- 
cumstances become  magnetic  itself.  It  also  gives  more  bril- 
liant sparks  than  can  by  any  other  means  be  obtained  by  the 
collision  of  flint ;  and  is  the  only  metal,  except  platina  and 
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sodium,,  that  oau  be  welded.  It  is  the  most  useful  and  most 
abundant  of  all  the  metals,  being  universally  difiused  throughout 
nature,  as  well  in  the  vegetable  and  animal  kingdoms  as  in  the 
mineral.  Besides,  it  is  seldom  an  unobserved  ingredient;  being 
the  substance  Nature  generally  uses  to  give  colour  to  her  pro- 
ductions. With  it  she  reddens  the  common  brick,  and  blends 
the  beautiful  hues  of  the  precious  stone,  viz.  black  in  the  obsi- 
dian, green  in  the  euclase,  blue  in  the  lazulite,  red  in  the  garnet 
and  ruby,  yellow  in  the  topaz,  brown  in  the  tourmaline,  and  it 
preserves  the  somnite  a  perfect  white.  She  is  no  less  Canciful 
with  it  in  the  vegetable  kingdom,  for  with  the  oxide  of  iron  she 
is  supposed-  to  spread  her  variegated  tints  in  the  flowers;  and 
in  the  animal  kingdom,  she  with  it  gives  colour  to  the  blood* 
She  has  in  some  measure  also  ordained  it  the  badge  of  civilised 
life ;  for,  where  iron  has  not  been  in  use,  there  has  man  invari- 
ably led  the  savage  life  of  a  wild  beast.  It  also  has  various 
uses  in  medicine,  and  is  said  to  be  the  only  metal  that  is  in- 
noxious. 

Coit  IroH, — Iron  is  an  ingredient  of  almost  every  rock,  from 
the  oldest  primary  to  the  newest  lilluvial ;  it  occurs  in  combina- 
tion with  sulphur,  but  in  most  pUier  cases  it  is  in  the  state  of 
oxide,  and  is  thus  combined  with  titanium,  manganese  and 
chrome;  with  the  phosphoric,  sulphuric,  carbonic,  moriatio^ 
and  arsenic  acids ;  but  the  ores  chiefly  used  in  £ii^nd  contain 
silex,  alumine  and  lime.  They  are  broken  into  small  pieces 
and  put  into  the  blast,  which  is  made  somewhat  in  the  form  of 
a  (Tommoii  brick-kiln.  The  lower  part  is  filled  with  fuel,  prin- 
cipally coke,  then  a  layer  or  basket  of  ore  is  put  in,  and  one  of 
lime  for  a  flux ;  these,  and  more  coke  are  added  alternately  till 
the  blast  is  filled.  The  whole  is  then  lighted,  and  a  bellows 
worked  by  a  steam  engine  raises  it  to  a  most  intense  heat.  The* 
part  near  the  bellows  is  fused,  and  falls  into  the  vacuuni  at  the 
bottom  caused  by  the  consumed  fuel ;  more  comes  in  immediate 
contact  wish  the  blast  of  the  bellows  land  is  melted  in  its  torn, 
while  they  keep  loading  on  the  top  till  a  great  part  of  the  cavity 
is  full  of  the  fused  materials.  At  the  bottom  of  the  blast  is  a 
small  orifice  slightly  stopped  with  clay,  which  the  worionan 
perforates,  and  the  liquid  metal  rushes  out  in  a  fine  brilliant 
stream,  with  the  dross  after  it.  It  is,  now,  pig  or  Coii  Bnm^ 
and  contains  about  a  forty-fifth  part  of  carbon,  but  is  rendered 
brittle  by  the  presence  of  oxygen,  phosphorous  and  sflkium. 
These  materials  make  it  considerably  more  fosible  than  pnre 
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iroB  or  steel ;  hence  its  ase  in  a  great  variety  of  maniifactiires. 
From  the  nature  of  iron,  rather  expanding  than  shrinking  in 
coolings  more  perfect  casts  can  he  obtained  of  it  than  of  any 
other  metal. 

Forged  Ircn^  is  iron  in  the  purest  state;  and  is  made  from 
cast  iron  by  keeping  it  a  considerable  time  in  a  state  of  fusion, 
when  the  oxygen  and  carbon  form  carbonic, acid  and  fly  off.  It 
at  length  assumes  a  stiff  pasty  consistency,  which  is  the  signal 
for  the  workmen  to  withdraw  it,  and  submit  it  to  frequent  ham- 
nMring»  when  the  silicium  and  other  impurities  are  pressed 
out  It  is  now  rendered  malleable,  ductile,  and  almost  infusi- 
ble* If  it  still  retain  phosphorus,  it  is  somewhat  brittle,  or  of 
an  inferior  quality;  breaks  with  a  white  lustre,  and  is  called  hot 
short,  to  distinguish  it  from  another  kind  called  cold  short, 
which  is  supposed  to  contain  silicium.  When  iron  is  heated 
to  redness  and  plunged  into  cold  water,  it  decomposes  the 
water  and  imbibes  the  oxygen,  which  makes  it  hard  and  brittle; 
though  these  properties  are  otherwise  accounted  for,  viz.  by 
the  iron  being  crystallized, 

Sitel  is  made  by  covering  the  best  forged  iron  in  a  bed  of 
powdered^  charcoal,  and  exposing  the  whole  to  an  intense  heat 
for  ten  or  twelve  days,  the  air  being  totally  excluded.  By  this 
means  the  pure  iron  absorbs  about  a  two-hundredth  part  of  its 
own  weight  of  pure  carbon  from  the  charcoal,  and  this  combina- 
tion is  -the  best  ste(eL  Ca9t  Steel  is  manufactured  by  inking  iron 
in  carbonate  of  lime.  It  contains  more  carbon  than  common 
steel,  and  is  mu6h  more  fusible.  If  a  diamond  be  inclosed  in 
a  slip  of  iron  and  exposed  to  a  white  heat,  it  will  disappear  and 
exceHelit  steel  will  be  the  result.  If  a  piece  of  forged  iron  be 
dipt  into  cast  iron  while  in  fusion,  it  will  imbibe  carbon  and  its 
snrface  will  become  steel :  several  articles  are  thus  manufac- 
tured, and  the  process  is  called  case-hardening.  Different  tem- 
pers are  given  to  all  kinds  of  steel  instruments,  or  edge-tools, 
by  heating  them  to  fixed  and  certain  temperatures,  in  mixtures 
of  fused  metals  and  then  cooling  them  in  various  ways.  Good 
steel  may  be  known  from  iron  in  any  instrument  by  letting  fall 
a  drop  of  nitric  acid  upon  it.  If  it  is  steel  there  will  be  a  black 
spot,  but  not  if  it  be  only  iron:  Uiis  phenomenon  is  supposed 
to  depend  upon  the  iron's  being  dissolved  and  the  carbon's 
being  left  naked.  A  finer  wire  may  be  drawn  from  tempered 
steel  than  from  any  other  metal.  A  wire  one  tenth  of  an  inoh 
diameter  made  of  iron  will  support  a  weight  of  450 lbs;  but  one 
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of  the  same  thickness  of  tempered  steel  will  carry  wilfaovi 
breaking  900  lbs.  By  repeated  hammering  steel  will  become 
forged  iron. 

Minerals. — Mineralogists  enumerate  about  23  principal 
ores  of  iron,  each  of  them  including  varieties ;  but  the  chief  of 
them  seems  to  bo  the  Oxydndated  Inm  or  Native  LoadUime.  It 
consists  of  24*14  green  oxide  and  71*86  red  oxide,  its  specific 
gravity  is  4*4,  it  is  highly  magnetic  especially  the  massive  found 
in  Sweden,  Norway  and  China.  It  occurs  earthy,  compact, 
lamellar  and  crystallized,  in  regular  octohedrons,  its  colour  is 
iron  black  with  a  shining  glimmering  lustre.  It  chiefly  belongs 
to  primary  mountains,  and  generally  occurs  in  beds  and  large 
masses  accompanied  by  hornblende,  granular  limestone,  gar- 
net, and  occasionally  by  all  the  varieties  of  pyrites,  fluate  of 
lime  and  oxide  of  tin.  There  are  said  to  be  whole  mountains 
of  it  in  Sweden  and  Chili,  the  granite  mountains,  extending 
most  of  the  way  from  New  York  to  Canada  contain  large 
beds.  It  abounds  in  Corsica,  Savoy,  Saxony,  Bohemia, 
Silesia,  Russia,  and  the  East  Indies.  It  occurs  also  in 
Devonshire  and  Cornwall,  in  Unst  one  of  the  Shetland  isles, 
in  Ireland  in  granite,  and  along  with  native  gold  in  idluvinm. 
That  of  Sweden  is  highly  valued  by  the  manufacturers  of  steeL 

Specular  Iron  consists  .chiefly  of  the  red  oxide,  it  occurs 
lamellar  and  crystallized — the  latter  is  magnetic,  both  in  beds 
and  veins  in  primary  and  transition  rocks.  The  mines  of  Elba 
are  the  most  noted,  but  it  occurs  in  Cornwall,  Lancashire, 
Cumberland,  Scotland  and  various  parts  of  the  world :  occa- 
sionally in  the  lavas  of  volcanoes. 

Native  Iron  occurs  at  Kamsdorf,  Saxony  92*6  iron,  6  lead  1*5 
copper.  It  is  chiefly  met  with  in  veins.  Arsenical  iron, 
including  a  number  of  varieties  also  occurs  in  veins  68*9  iron, 
42*1  arsenic.  One  variety  contains  13  per  cent  of  silver  and 
4  antimony :  it  sometimes  contains  gold. 

The  Hsematites,  or  red,  brown  and  black  iron  ores,  are  the 
most  prized  of  the  British  ores.  One  specimen  of  red  consists 
of  90  oxide,  2  silex,  3  water,  1  lime,  and  a  trace  of  manganese. 
It  occurs  in  beds  and  veins  in  primitive  and  secondary  moun- 
tains.   That  of  Ulverstone,  Lancashire  is  the  most  noted. 
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3.  TIN. 

inft  rR„  S  13-5  Oxygen    .    Yellow  Oxide 
*"*'^^?  87-0  Do.  .    White  Oxide 

Specific  Gimvity  7*291 

Tin  is  a  white  metal,  having  little  elasticity,  ductility,  or  hard- 
ness, though  it  is  harder,  more  ductile  and  more  tenacious,  than 
lead.  It  is  very  fasible,  and  makes  a  peculiar  cracking  noise 
when  suddenly  bent.  It  emits  a  peculiar  smell  when  rubbed, 
and  is  more  combustible  than  most  of  the  metals,  burning  in 
oxygen  gas  before  it  arrives  at  a  heat  sufficient  to  fuse  it  It 
is  abundantly  and  almost  exclusively  found  in  veins  passing 
through  primitive  rocks,  especially  granite  and  clayslate. 

Tin  has  various  uses  in  the  arts.  The  ancients  generally 
combined  it  with  copper ;  coins  and  other  articles  are  frequently 
found  of  this  alloy.  The  greatest  consumption  of  tin  is  in  cover- 
ing sheet  iron.  The  sheets  are  thoroughly  cleaned,  and  steeped 
for  M  hours  in  water  acidulated  with  bran  or  sulphuric  acid. 
They  are  then  dried,  rubbed  over  with  grease,  heated  in  an 
oven,  and  afterwards  immersed  in  melted  tin,  which  not  only 
coats  the  surface  but  penetrates  the  iron.  They  are  the  sheets 
which  we  generally  buy  under  the  name  of  tin,  and  of  which  a 
great  many  culinary  and  other  utensils  are  made.  Pins  are 
also  coated  with  tin.  They  are  made  of  brass  wire  which  con- 
tains a  great  deal  of  zinc,  for  which  metal  tin  has  a  great  affinity. 
A  pan  is  filled  with  a  layer  of  pins,  and  one  of  grain  tin  alter- 
nately ;  supertartrate  of  potas  is  then  poured  upon  them,  and 
they  are  boiled  together  for  4  or  5  hours,  when  the  acid  dis- 
solves the  tin,  and  precipitates  it  upon  the  pins.  Pewter  is 
generally  composed  of  112  tin,  15  lead,  and  6  brass.  Large 
quantities  of  tin  are  also  used  by  the  dyers,  particularly  with 
cochineal,  and  archil  to  give  brightness  and  stability  to  reds 
and  scarlets :  for  this  purpose  it  is  dissolved  in  a  peculiar  kind  of 
aqua-fortis  called  Dyer^t  Spirits.  Tin  combines  in  two  degrees 
with  sulphur,  viz.  100  tin,  27^  and  65  sulphur.  The  former  is 
a  bluish  substance  with  a  lamellated  texture ;  the  latter  is  of  a 
bright  golden  colour  in  light  soft  flakes.  It  was  formerly 
known  by  the  name  of  Aurum  MuHvium  or  Mosaic  gold,  and  is 
by  some  supposed  to  have  been  the  phantom  which  illuded  the 
alchemists  in  their  search  for  gold.  This  metal  also  unites  in  two 
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proportions  with  chlorine:  55  tin,  13*5  and  67*5  chlorine:  the 
latter  combination  is  called  Liquor  of  lAhamw. 

Minerals.  The  tin-mines  of  Cornwall  have  been  worked 
for  two  or  three  thousand  years^  and  we  are  assured,  that,  so 
long  ago,  the  British  tin  found  its  way  into  all  the  flourishing 
states  of  the  East.  The  Tyrians  and  Phoenicians  or  Phillistines 
traded  in  it.  From  the  Cornish  mines  alone  are  now  annually 
raised  3,000  tons.  There  are  mines  also  in  Devonshire,  and 
it  is  found  in  small  quantities  in  various  other  parts  of  England. 
Tin  mines  are  likewise  worked  in  Germany,  Saxony,  the  East 
Indies,  and  in  South  America:  that  from  the  last  country  is 
said  to  be  the  best,  but  a  duty  of  30  per  cent  prohibits  its  use 
in  this  country.  Tin  occurs  chiefly  in  oxide  combined  with 
small  p9rtiops  of  oxide  of  iron  and  silex,  generally  crystallized, 
rarely  in  mass.  It  is  sometimes  found  in  alluvial  deposits  in  small 
detached  rounded  pieces,  chiefly  in  the  low  grounds  and  marshy 
places  in  Cornwall — sometimes  accompanied  by  grains  of  native 
gold.  That  in  veins  is  occasionally  fibrous  and  granular,  but 
mostly  crystallized,  coating  cavities  or  disseminated  among  a 
variety  of  other  minerals.  A  quadrangular  prism  terminated 
by  four  sided  pyramids,  is  the  most  common  form: — it  consists 
of  77*5  tin,  21*5  oxygen,  0*25  oxide  of  iron^  0*75  silex.  A 
wlpkuret  also  occurs  in  Cornwall,  34  tin,  36  copper,  25  sulphur, 
and  2  iron. 

4.   ZINC. 
80*39  Snc,  19*61  Oxygeo,— White  oxide.    Specific  Granty  6*86U 

Zinc  is  considered  as  one  of  the  most  abundant  metab.  It 
is  a  shining,  bluish  white  metal;  but  when  exposed  to  the  air, 
from  its  great  aflSnity  for  oxygen  and  carbonic  acid,  it  soon 
.becomes  covered  with  a  thin  pellicle  that  reflects  varioui  co* 
lours*  It  is  so  combustible  that  thin  leaves  wiU  iAflame  at  a 
candle,  and  on  this  account  its  filings  are  used  in  fire-works  for 
producing  those  beautiful  stars  and  spangles  which  they  often 
exhibit.  It  seems  to  form  the  link  between  the  brittle  and  the 
malleable  and  ductile  metals.  It  melts  at  680  degrees,  at  a 
stronger  heat  it  becomes  volatile,  and  is  extracted  from  its  ores 
by  distillation ;  at  a  white  heat  it  absorbs  oxygen  so  rapidly^ 
that  the  oxide  sublimes^  and  is  collected  and  sold  as  Jhwen  of 
dnc*    This  metal  is  readily  acted  on  by  the  acids,  and  by  their 
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agency  will  decompose  water,  absorbing  the  oxygen,  whence 
more  pure  hydrogen  gas  can  be  obtained  than  by  any  other 
means. 

Zinc  abounds  in  China,  and  in  its  purest  state,  it  there  con* 
stitutes  the  current  coin.  The  pieces  have  a  square  hole  in  the 
middle  that  they  may  be  carried  on  a  string,  and  are  stamped 
with  Chinese  characters  on  one^  side>  and  with  Tartar  on  the 
other.  In  England  it  is  generally  used  with  the  alloys  of  cop* 
per,  though  it  has  been  used  alone  instead  of  lead  for  making 
water  spouts  : — the  workmen  generally  call  it  Spelter,  From 
its  so  readily  oxiding,  it  is  of  great  use  in  galvanic  electricity, 
and  its  amalgam  is  the  best  for  coating  the  electrifying  machine. 
The  oxide  or  fiowen  of  zinc,  is  extremely  light  and  has  the 
appearance  of  fine  wool ;  it  has  been  used  instead  of  white  lead 
in  house  painting.  The  oxide,  sulphate,  and  acetate  are  used 
in  medicine ;  the  last  is  recommended  in  inflammatory  cases. 

Minerals. — Zinc  occurs  in  combination  with  sulphur,  oxy- 
gen, the  carbonic  or  sulphuric  acids,  also  with  oxide  of  iron, 
silex  and  water.  Its  ores  are  not  numerous,  and  have  rather 
an  earthy  than  a  metalliferous  appearance.  It  chiefly  oc- 
curs in  the  lead  and  copper  mines.  Blende  is  a  sulphuret, 
and  occurs  crystallized  and  amorphous,  the  forms  of  the  crystals 
are  numerous,  and  the  structure  is  lamellar.  It  consists  of 
68*48  zinc,  23*16  sulphur,  8*08  iron  :  but  the  varieties  differ  in 
composition,  some  contain  silex.  Calamine  is  both  crystalline 
and  massive, — the  former  65  oxide  of  zinc,  and  35  carbonic 
acid;  but  the  proportions  in  the  latter  are  71  andl3|^:  some 
varieties  contain  silex  and  water.  Sulphate  of  zinc,  called  also 
white  vitriol  is  found  in  mineral  waters  at  Holywell,  Flintshire ; 
here  the  sulphuret  is  called  black-jack,  and  is  so  abundant  that 
it  was  lately  used  in  repairing  ihe  roads.  The  native  oxide 
chiefly  occurs  in  New  Jersey,  America. 

5.  MANGANESE. 

1AA  iir«*.i  S^*  Oxygen,    .    Olive  oxide 

100  Metal  ^3^  Q^yg^^         Dark  brown  or  black 

Specific  Gravity  7  or  8« 

This  is  a  brilliant  metal,  of  a  darkish  white  or  rather  greyish 
colour;  it  is  very  brittle,  of  considerable  hardness,  and  not 
easily  fused,  but  it  is  not  much  known,  its  attraction  for  oxy- 
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gen  being  so  great  that,  when  exposed  to  the  air,  it  qnickly 
falls  into  powder  or  becomes  oxydized;  in  this  state  only  it  is 
fonnd  in  natore,  and  is  almost  universally  difiused,  though  but 
in  small  quantity,  through  the  mineral  kingdom,  especially  in 
soils ;  it  also  occurs  in  the  vegetable  and  animal  kingdoms. 

The  black  oxide  is  much  used  by  chemists  in  procuring 
oxygen  gas; — at  a  red  heat  it  gives  out  14  per  cent,  but  will 
by  heat  part  with  no  more.  This  oxide  gives  a  violet  colour  to 
glass  and  porcelain,  and  the  amethyst,  and  rubellite  or  red- 
tourmaline  are  tinged  with  it.  It  is  also  used  in  purifying 
glass  and  the  precious  metals.  Mixed  with  three  times  its 
weight  of  nitre  and  thrown  into  a  red  hot  iron  vessel,  a  curi- 
ous, greenish  powder  is  produced,  called  Mineral  CameUcau 
If  a  little  of  it  is  thrown  into  a  glass  of  water,  it  is  first  blue: 
then  the  yellow  oxide  of  iron  separates,  and  it  is  green;  the 
oxide  fails  to  the  bottom,  and  it  is  blue  again;  the  manganese 
then  begins  to  absorb  oxygen  from  the  atmosphere,  and  the 
mixture  becomes  reddish,  brownish,  and  at  last  black ;  it  then 
falls  to  the  bottom  and  the  fluid  is  colourless.  Again,  if  hot 
water  be  poured  upon  this,  there  will  be  a  beautiful  green;  but 
if  cold,  a  deep  purple 

Minerals. — Manganese  occurs  in  the  proportion  of  1*4  per 
cent,  in  mica  a  constituent  of  granite.  There  are  about  6  prin- 
cipal ores  with  varieties,  and  they  occur  both  in  primary  and 
secondary  formations,  that  called  the  grey  oxide  seems  to  be  the 
chief,  containing  about  90'6  black  oxide,  2*25  oxygen,  and  7 
water:  it  occurs  in  veins,  beds,  and  irregular  masses.  A 
variety  contains  barytes,  carbon  and  silex.  Other  minerals 
contain  silex,  lime  and  magnesia.  There  are  also  sulphates, 
carbonates,  and  phosphates  of  manganese.  Most  of  them  occur 
both  crystallized  and  massive. 

G.   OSMIUM. 

This  is  a  dark  blue  metal,  very  hard,  insoluble  in  the  acids, 
infusible  and  even  unchangeable  by  heat,  unless  exposed  to  the 
air,  when  it  combines  with  oxygen  and  evaporates,  producing  a 
peculiar  smell  differing  from  any  thing  known  of.  This  vapour 
is  its  oxide,  which  is  a  sweet  tasted,  colourless,  semitransparent 
substance.  It  will  solidify,  will  dissolve  in  water,  and  with 
potas  form  an  orange  coloured  solution ;  with  ammonia,  a  yel* 
low;  with  lime,  a  bright  yellow;  with  an  infusion  of  gall,  a 
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purple,  whicli  passes  into  a  deep  bright  blue ;  and  with  aleohol 
or  ether,  a  black.  It  also  imparts  to  the  skin  an  indelible, 
dark  coloured  stain.  The  metal  readily  fuses  with  copper  or 
gold,  and  with  them  forms  a  malleable  alloy.  It  was  first  dis- 
covered in  the  dross  of  platina,  but  a  distinct  ore  has  since 
been  found,  though  alloyed  with  irridium  and  platina.  The 
specific  gravity  of  this  ore  is  19*5,  and  it  is  only  found  in  South 
America. 

7.   CERIUM. 

lAA  iir«f.i  $  ^^*^l  Oxygen     .    White  oxide 
100  Metal  J  2^  J  J  Q^^^         Red  oxide 

The  quantity  found  of  this  metal  is  so  small,  that  very  little  is 
known  respecting  it,  except  that  it  is  harder,  whiter,  much  more 
brittle,  and  more  scaly  in  its  fracture  than  cast  iron,  and  vola- 
tile at  a  great  heat. 

Minerals. — Its  two  chief  ores  are  the  ceriie  and  aUanite. 
The  former  occurs  among  the  copper  pyrites  in  Sweden,  and 
contains  64*5  oxide;  the  latter  contains  53*9  per  cent.  ai|d 
occurs  in  a  granite  rock  in  West  Greenland.  The  other  ingre- 
dients are  silex,  lime,  oxide  of  iron  and  water;  the  former 
contains  carbonic  acid  and  the  latter  alumine.  The  orthite 
3.44  white  oxide,  the  yttrocerite  20*22  fluate ;— there  are  other 
three  minerals  also,  chiefly  composed  of  fluate  of  cerium. 

8.  TELLURIUM. 
83  Metal,  17'  Oxygen.    Specific  Grayity  61 15. 

Tellurium  is  a  white  metal,  of  considerable  lustre ;  very 
fusible,  volatile  at  an  intense  red  heat,  and  soluble  in  nitric 
acid  and  chlorine.  When  heated  in  atmospheric  air,  it  bums 
with  a  pale  blue  flame,  edged  with  green,  and  is  then  converted 
into  an  oxide,  which  is  white,  but  tinged  with  yellow,  and  is 
soluble  in  the  acids.  The  metal  combines  with  sulphur,  like- 
wise with  hydrogen  in  two  proportions,  one  of  them  an  acid. 
Also  with  potassium  and  sodium,  emitting  light  and  heat,  and 
forming  alloys  almost  infusible,  which,  when  thrown  on  water, 
produce  purple  solutions. 

2s 
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Minerals. — It  is  an  extremely  rare  metals  harmg  been 
foand  only  in  Transylvania,  whence  it  is  sometimes  called 
SyWan.  It  oocnrs  only  in  the  metallic  state,  but  always  alloyed 
in  different  proportions  with  other  metals :  its  ores  are  only 
four  in  number,  and  very  rare. 

Natife  Telluriam.  99*55  tel.,  7*2  iron,  0*25  gold 

Grapluc,  60'  tel.,  30*  gold,    10  silver 

YeUow,  44*75  tel.,  26*75  gold,  8*5  sUver,   19*5  lead,  0*5  aolphiir 

Black,  32*2  tel.,  54  lead,  9  gold,  0*5  sUrer,   1*3  copper,  3  salpbnr. 

They  occur  in  veins  of  porphyry,  with  native  gold,  quartz, 
and  odier  minerals, 

9.  TITANIUM. 

r  Not  koowB,    •    Bhie 
89  Metal  <  Not  known,    •    Red,  found  jiative 
t  10  Oxygen,     .    White 

This  metal  is  somewhat  of  the  copper  colour,  has  considera- 
ble lustre,  but  soon  tarnishes  when  exposed  to  the  air.  It  in 
brittle  and  almost  infusible,  combines  with  iron,  and  forms  an 
alloy  utterly  infusible.  Little  more  is  known  of  its  properties, 
and  it  is  a  rare  metal. 

Minerals.— There  are  about  7  minerals  with  a  few  varieties 
wherein  an  oxide  of  this  metal  is  a  chief  ingredient.  Most  of 
them  are  found  in  Scotland,  some  in  Cornwall,  principaHy  in 
granfle.  Iserine,  consisting  of  48  oxide  of  titanium,  48  oxide 
of  iron,  and  4  oxide  of  uranium,  has  been  found  on  the  shore 
of  the  Mersey  opposite  to  Liverpool,  oozing  out  of  a  bed  of 
magnetic  iron  sand  beneath  a  bank  of  clay. 

10.  URANIUM. 

o*  ^'  -^  i  ^6  Oxygen,    .    Black 
^"•**"  J 200  Oxygen,    .    YeUow 

Specific  Gravity  6. 

Thb  colour  of  uranium  resemUes  that  of  iroa,  though  inter- 
BiUy  it  is  somewhat  of  a  reddish  brown.  It  possesses  eon* 
siderable  histre,  and  does  not  tarmsh  when  exposed  to  the  air 
at  the  usual  atmospheric  temperature.    It  is  hard  and  boMt, 
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diffionU  of  Auion,  oombines  with  sulphur  and  dissolres  in  nitrio 
acid.  The  yellow  oxide  gives  a^laating  deep  orange  yellow  to 
china,  imparta  to  glass,  green,  and  brown  colours;  produces 
beautifully  transparent  green  oblong  crystals  when  dissolred  in 
weak  nitric  acid ;  and  when  in  acetic  acid,  topaz  yellow  coloured 
crystals  :  it  is  a  rare  metal. 

Minerals. — Its  ores  are  only  two  in  number.  Uran  Oehre^ 
or  Pitchblende,  80*5  oxide,  0  galena,  2*6  green  oxide  of  iron» 
6  silex.  Uraniie,  a  phosphate,  60  oxide,  9  oxide  of  copper, 
16*8  phosphoric  acid,  13*8  water,  0*5  silex,  1*4  loss.  They 
occur  in  Cornwall  and  the  latter  in  several  other  parts  of  the 
world. 

11.  NICKEL. 


40*95  Oxjffiai    .    BUck  or  Bromi 
Specific  Gravity  8*38 ;  btmmerod  8*933. 

NICKEL  is  a  fine  brilliantly  white  metal,  susceptible  of  a 
beautifol  polish,  and  does  not  lose  its  lustre  when  exposed  to 
the  air,  unless  ignited,  and  then  assumes  a  bronze  colour.  It 
has  great  tenacity,  ductility,  and  malleability ;  is  nearly  as  hard 
as  iron,  as  difficult  of  fusion,  and  possesses  the  magnetic  powers 
almost  in  as  high  a  degree  of  perfection  as  that  metal.  How* 
ever,  arsenic,  with  which  this  metal  is  frequently  found  com- 
bined and  from  which  it  cannot  well  be  separated,  totally 
destroys  its  magnetic  properties.  When  exposed  to  the  air  at 
an  intense  heat,  it  is  converted  into  the  brown  oxide,  which  is 
still  magnetic.  This  oxid6  gives  a  delicate  grass  green  to  por- 
celain, and  to  flint  glass  a  hyacinthine  colour;  it  dissolves  in 
ammonia  and  produces  a  pale  blue  colour.  The  metal  dissolves 
in  many  of  the  acids  and  gives  to  them  a  green  colour.  With 
iron  it  forms  a  useful  alloy,  that  receives  a  6ne  polish  and  does 
not  tarnish  so  soon  as  iron  alone;  another  with  brass,  is  much 
nsed  by  the  Chinese  in  making  toys :  they  also  make  with  it  a 
beauUfnl  metallic  compound  called  white  copper. 

Minerals.  Nickel  is  a  rare  metal.  It  sometimes  occurs 
native  in  the  cavities  of  its  principal  ore.  Copper  Nickel.  It  is 
capillary^  with  occasionally  diverging  filaments,  of  a  yellowish 
eolour  incUning  to  steel  grey,  but  on  account  of  its  containing 
a  lktl6  MTsenio  is  not  magnetic.     Copper  or  At$enieal  Nickel, 
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is  a  copper  or  yeUowisli  red  with  various  shades,  but  tarnishes 
by  exposure.  One  specimen  consisted  of  44*2  nickel  with  a 
little  cobalt,  54*7  arsenic,  0*3  iron,  0*3  lead,  0*4  sulphur.  It 
is  geneirally  accompanied  by  ores  of  cobalt,  silver,  and  copper, 
and  mostly  occurs  in  veins  of  primitive  rocks,  but  occasionally 
both  in  transition  and  secondary  in  Cornwall,  Scotland,  several 
parts  of  the  European  Continent  and  in  North  America. 
Aneniate  of  Nickel  or  Nickel  Ochre  usually  encrusts  or  adheres 
to  the  above,  from  which  it  differs  a  little  in  composition. 
Pimelite  contains  16*62  oxide,  occurs  in  veins  of  serpentino 
along  with  chrysoprase,  to  which  nickel  is  supposed  to  give 
the  colour.     They  are  found  in  Silesia. 


12.  COBALT. 


Bine 


100  Metal  1^^.35  0^^        3^^ 
Specific  Gravity  8*7. 

Cobalt  is  of  a  light  grey  colour,  nearly  resembling  polished 
steel,  with  a  reddish  cast.  It  is  harder  than  copper,  so  brittle 
that  it  may  be  reduced  to  powder,  suffers  little  change  when 
exposed  to  the  air  at  the  usual  temperatures,  is  difiicult  of 
fusion,  bums  brilliantly  when  fused  over  charcoal  with  a  stream 
of  oxygen  gas,  and  in  a  small  degree  possesses  the  magnetic 
properties. 

This  metal  is  much  employed  in  the  arts,  chiefly  on  account 
of  the  fine  blue  colour  which  it  imparts.  The  oxide  has  great 
intensity  of  colour,  and  is  called  Zaffire.  When  melted  with 
3  silex  and  1  potas,  it  forms  a  blue  glass,  which  when  pounded 
is  called  Smalts.  It  is  of  inestimable  value  in  the  manufacture 
of  porcelain,  both  for  the  beauty  of  its  colour,  and  its  durabi- 
lity in  the  highest  temperatures  of  firing.  Strewing  smalt,  used 
by  sign  painters,  is  Zafifre  fused  with  240  flint  glass,  and  ground 
to  a  coarse  powder.  Powder  blue  used  by  laundresses  is  the 
same  ground  very  fine.  It  is  also  used  to  give  a  tinge  to  white 
paper,  and  it  forms  the  basis  of  many  pigments.  The  oxide  is 
said  to  have  been  used  by  the  ancient  Painters :  hence  their 
skies  and  draperies  of  unfaded  blue. 

Hellof  s  sympathetic  Ink  is  diluted  muriate  of  cobalt  Wri- 
ting of  this  ink,  while  kept  cold,  remains  invisible;  but  if 
warmed,  assumes  a  beautiful  blue.     If  a  little  iron  be  in  it»  the 
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letters  will  be  a  fine  lively  green.  With  these  two  inks  a  pictare 
of  winter  may  be  drawn,  which,  when  held  to  the  fire,  will 
assume  the  bloom  of  summer;  and  when  again  removed  to  the 
cold,  will  lay  aside  its  verdare,  and  appear  in  its  winter  hnes. 
This  may  be  further  variegated  with  the  acetate  of  cobalt,  which 
is  red;  but  when  warmed,  is  blue. 

Minerals.  Cobalt  is  not  an  abundant  metal;  its  ores  are  only 
about  five  with  varieties,  but  occur  in  veins  of  both  primary  and 
secondary  mountains,  mostly  accompanied  by  the  ores  of  cop- 
per, sometimes  by  those  of  silver,  native  silver,  native  bismuth, 
native  arsenic,  but  it  never  occurs  native  itself:  it  is  generally 
combined  with  nickel  and  arsenic,  the  latter  rendering  it  ex- 
tremely pernicious  in  the  art  of  refining.  White  cobalt,  44 
cobalt,  55*  arsenic,  0*5  sulphur,  is  found  in  veins  and  imbedded 
in  mica-slate  and  gneis,  in  Norway,  Sweden,  and  Silesia,  and 
afibrds  the  principal  part  of  that  of  commerce.  Grey  Cobalt, 
containing  a  little  iron  occurs  in  many  places  on  the  continent, , 
at  Chatham,  Connecticut,  North  America,  and  in  several  mines 
in  Cornwall;  it  is  mostly  accompanied  by  Tin-white  Cobait, 
which  contains  a  trace  of  copper.  Earthy  cobalt  occurs  at 
Alderley-edge,  Cheshire,  in  Cornwall,  Ireland,  and  on  the 
Continent.  Red-cobait,  is  also  found  in  Cornwall,  in  several 
parts  of  Scotland,  and  on  the  East  of  Ireland.  Sulphuret,  and 
sulphate  of  cobalt,  or  red  vitriol,  occur  in  Sweden.  Till  the 
diffusion  of  chemical  knowledge  the  cobaltic  ores  of  Hesse 
were  used  for  repairing  roads,  and  the  miners  considered  them 
so  troublesome,  that  they  used  to  pray  to  be  delivered  from 
cobalt  and  from  evil  spirits;  but  these  ores  now  afford  a  con- 
siderable revenue.  However  cobalt  is  now  extracted  from  the 
ores  found  in  Cornwall. 

13.  COPPER. 

lAA  nr^faki  $  ^2i  Oxygen    .    Red  oxide 
100  Metal  ^^  j^^/»  ^j^^  ^^ 

Specific  Gravitj  8  or  9. 

COPPBR  is  a  brilliant,  red  coloured  metal.  It  emits  an 
unpleasant  smell  when  rubbed,  and  has  an  extremely  nauseous 
taste.  It  is  very  hard,  jelastic,  and  the  most  sonorous  of  all 
the  metals,  only  exceeded  by  gold  in  ductility,  and  in  tenacity 
by  iron.   Its  malleability  is  such,  that  it  may  be  hammered  into 
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leaves  like  gold.  It  melts  at  a  white  heat,  and  bar&a  when 
acted  upon  by  a  stream  of  oxygen  gas  with  a  red  flame^  edged 
and  tipt  with  green.  It  is  only  exceeded  by  iron  in  abun- 
dance, and  nsefnlness.  Besides  two  combinations  with  chlorine 
it  unites  with  iodine,  likewise  with  sulphur  and  phosphorus. 
It  occurs  in  a  pure  or  native  state ;  also  combined  with  iron, 
antimony,  silver,  and  arsenic;  likewise  mineralised  by  oxygen, 
sulphur,  and  by  the  carbonic,  muriatic,  phosphoric  and  arsenic 
acids.  Its  ores  often  occur  in  the  same  vein  with  those  of 
tin  in  Cornwall,  but  the  copper  is  generally  found  beneath  the 
tin,  and  where  veins  intersect  each  other  those  of  copper  cut 
through  and  displace  the  tin. 

In  Sweden  houses  are  covered  with  copper,  and  ships  are 
sheathed  with  it  in  England,  besides  its  employment  in  making 
boUers  and  other  vessels.  It  is  less  combustible  or  not  so  ^it 
to  strike  fire  as  iron,  and  is  therefore  preferable  for  machinery 
'  in  gunpowder  mills.  On  account  of  its  great  elasticity,  it  is 
used  by  rope-dancers;  and  its  being  sonorous  causes  it  to  be 
employed  in  trumpets  and  other  musical  instruments.  When 
beat  into  leaves,  it  is  called  Duch  metal;  and  is  employedfor 
covering  toys,  and  for  several  other  useful  purposes.  Its  tena* 
city  is  such,  that  a  wire  of  one  tenth  of  an  inch  diameter  will 
support  a  weight  of  300  lbs.  It  forms  many  useful  alloys  with 
other  metals.  Brass  is  3  copper  and  1  calamine  (zinc  ore) 
fused  together.  Pinchbeck,  5  or  6  copper  to  1  zinc;  it  is  an 
imitation  of  gold.  Tomlac  has  more  copper  and  is  of  a  deeper 
red,  arsenic  is  sometimes  added,  and  it  is  then  called  tMU 
copper.  Prince's  or  Prince  Rupert's  metal  contains  more  zina 
than  either  of  the  last  two.  Copper,  tin  and  zinc  form  broasa* 
Gun  metal  100  copper  and  10  or  12  tin.  Bell  metal  is  usually 
3  copper  to  one  tin,  An  alloy  of  2  copper  and  1  tin  formed  the 
mirrors  of  the  ancients,  and  is  now  used  for  the  specula  of 
reflecting  telescopes.  Copper  also  combines  with  nickel,  man^ 
ganese,  iron  and  lead. 

The  oxide  is  used  in  staining  glass,  to  which  it  gives  a  beauti- 
lul  green  colour:  the  salts  of  copper  are  many  and  their  uses 
various.  The  comon  hlme  vitriol,  or  as  it  is  sometimes  called 
RamM^viiriol,  is  a  sulphate  of  copper,  and  is  used  by  dyers; 
a  solution  of  it  gives  a  browo  ccdour  to  tea  utds  and  fowling 
pieces:  it  consists  of  32  blaek  ozide^  82  sulphuric  acid,  and 
dS  water.  Mmwrul^reen  is  a. sulphate  pffecapitaled^by  oaaalic 
pelas  Midaivenae.    Ferc^rif  is  a»<aeelate.  J^fae  VudUtr^  used 
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in  staining  paper  for  hanging  rooms  is  a  carbonate  with  lime 
water.  SckeeWt  green  is  copper  and  arsenic.  BruMwick  green, 
copper,  potas  and  tartaric  acid.  Vegetable  acids  and  fat  do 
not  act  npon  oopper  while  hot;  but  if  they  are  suffered  to 
remain  till  they  are  cold  in  culinary  vessels  of  this  metal,  a 
bluish  green  crust  or  salt  is  rapidly  formed,  which  is  poisonous 
in  the  highest  degree,  and  has  often  caused  fatal  accidents. 

Minerals.  Copper  is  found  in  all  parts  of  the  world,  and 
in  all  the  rock  formations  from  the  granite  to  the  magnesian 
Limestone.  Between  Kamtschatka  and  Japan  are  islands 
consisting  almost  entirely  of  native  copper; — it  also  abounds  in 
China,  Japr  n,  Sumatra,  and  several  of  the  islands  in  that  purt 
of  the  world.  Masses  of  native  copper  are  frequently  found 
lying  on  the  surface  in  Brazil  and  Chili,  one  mass  in  the  former 
country,  lying  in  a  valley,  weighed  2,066 lbs.  It  abounds  in  the 
copper  mountains  near  the  polar  seas.  North  America.  Native 
copper  is  also  frequently  met  with  in  the  mines  of  Sweden,  Hun- 
gary, Cornwall,  Anglesea,  Isle  of  Man,  and  in  some  parts  of 
France.  It  is  generally  of  a  red  colour,  but  sometimes  black 
or  brown;  and  some  specimens  are  of  various  colours  and  very 
beautiful.  The  copper  mines  in  Sweden  are  subterraneous  towns; 
pe<^le  are  born  in  them  and  seldom  visit  the  surface  of  the 
earth«  The  mines  of  Anglesea  once  yielded  annually  more 
than  20,000  tons,  the  vein  was  70  feet  thick:  yet,  Cornwall  is 
e<Misidered  the  greatest  deposit  of  copper  hitherto  found.  ^  The 
ores  occur  principally  in  the  tin  mines,  and  were  formerly 
thrown  aside  till  chemistry  taught  how  to  separate  the  metal. 
The  workmen  have  a  ready  and  sure  mode  of  ascertaining 
whether  there  is  copper  in  any  fossil  they  meet  with :  they  drop 
a  little  nitric  acid  upon  it,  and  then,  with  a  feather,  place  a 
little  of  the  solution  on  a  knife  Made;  and  if  it  contain  the  least 
copper  it  is  procipited. 

The  ores  of  copper  are  about  18  in  number*  Suipkurei  of,  or 
vkreouB  copper  consisting  of  about  80  copper  and  20  sulphur, 
occurs  in  nearly  all  the  mines.  A  small  vein  was  worked  at 
Middleton  Tyas,  Yorkshire,  in  the  Magnesian  Limestonot 
whence  it  was  traced  almost  due  west  through  an  outskirl  <tf 
the  simdstone  of  the  independant  coal-formation,  towards  tfio 
milstoiie  grit  and  monntain  limestone  of  the  lead  mine  di»trie|s» 
Copper  pyrites,  or  yellow  copper  is  the  mest  abundant  ore  of 
popper,  especially  in  the  Cornish  mines:  it  consists  of  about  90 
copper,  83'20  iron,  B6*16  sulphur,  with  a  little  lead>  ars«nio 
and  earthy  matter. 
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14.   LEAD. 

MeUl 

r    77    Oxygen    . 
<  1108  Do. 
t  16-6    Do. 

Yellow  oxide 

Red 

Brown 

Specific  Gravity  1135. 

Lead  is  a  bluish-grey  metal,  very  brilliant  when  cut,  but 
soon  tarnishes  when  exposed  to  the  air.  It  emits  a  peculiar 
smell  when  violently  nibbed,  readily  dissolves  in  the  acids,  and 
imparts  to  them  a  sweetish  taste,  but  the  productions  are  very 
poisonous.  It  is  the  softest  of  all  the  metals,  very  malleable, 
is  ductile,  but  has  so  little  tenacity  that  it  soils  the  fingers  when 
handled,  and  readily  marks  writing  paper.  It  has  little  elasti- 
city and  is  therefore  scarcely  sonorous,  and  its  specific  gravity 
is  diminished  by  hammering.  It  almost  always  occurs  combined 
with  a  little  silver,  that  found  in  primitive  slate  contains  8  or  9 
per  cent.  It  is  nearly  equal-  to  zinc  or  copper  (some  say  next 
to  iron)  in  abundance,  and  is  one  of  the  most  useful  of  metals. 

When  lead  is  melted  in  an  iron  vessel  exposed  to  a  blast  of 
air,  it  is  quickly  covered  with  a  scum  ar  coat  of  oxide ;  this  coat 
is  removed,  and  another  is  immediately  formed  till  the  whole 
of  the  lead  is  oxydized,  while  the  silver  remains  behind  in  the 
vessel.  This  oxide  is  called  litharge,  and  is  partly  vitrified  and 
scaly;  but  on  being  exposed  to  an  intense  heat,  the  oxygen  is 
dispersed  and  the  lead  remains  pure.  But  if  it  is  exposed  to  a 
gentle  heat  in  contact  with  the  atmospheric  air,  it  imbibes  more 
oxygen  and  becomes  the  yellow  oxide  or  masncot  If  a  stronger 
heat  is  continued  for  48  hours  with  constant  stirring,  it  is  con- 
verted into  the  red  oxide ;  a  still  larger  doze  of  oxygen  forms 
the  brown  or  pure  oxygen,  common  litharge  is  chiefly  the 
fumes  from  smelting,  collected  in  the  flues.  The  oxides  of  lead 
are  used  in  manufacturing  the  finer  kinds  of  glass  for  the  purpose 
of  making  it  less  brittle,  more  refrangible  of  the  rays  of  light, 
and  susceptible  of  a  higher  polish;  but  such  glass  is  also  more 
soft  and  liable  to  be  scratched.  They  are  also  used  as  red  and 
yellow  paints;  likewise  in  dyeing,  calico-printing,  in  various 
pigments  and  for  a  variety  of  useful  purposes.  Twmer^s  or 
Patent  yellow  is  a  muriate  fused  in  earthen  crucibles. 

White  Lead  or  common  white  paint  is  a  carbonate  of  lead. 
It  is  made  by  exposing  thin  sheets  of  lead  a  long  time  to  the 
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wann  fumes  of  vegetable  acids.  This  is  the  poisonous  substance 
produced  by  improving  the  taste  of  wine  with  lead,  making 
cjrder  in  leaden  vats,  or  by  keeping  water  exposed  to  the 
air  in  leaden  reservoirs  :  in  all  which  cases  it  has  occasioned 
infinite  mischief.  It  extracts  the  rancidity  from  oil,  and  cor- 
rects the  rauciness  or  acidity  of  wine;  in  the  former  case  it 
may  be  precipitated,  but  in  the  latter  it  remains  in  the  fluid. 
Wine-merchants  have  been  known  to  use  it,  and  thus  famish  to 
^eir  customers  a  deadly  poison ;  and  indeed  the  ancients  some- 
times improved  the  tastes  of  their  wines  by  dipping  leaden 
plates  in  them.  Water  alone  will  not  corrode  lead,  but  when 
in  contact  with  the  atmospheric,  air,  it  attracts  carbonic  acid 
luround  the  surface  of  the  water  and  this  salt  is  formed,  and 
renders  the  contents  of  the  reservoir  poisonous. 

Lead  is  used  to  purify  the  precious  metals,  for  it  will  combine 
with  gold  or  silver  at  a  moderate  heat;  but  when  the  heat  is 
puch  increased  the  lead  rises  to  the  surface  combined  with  all 
the  heterogeneous  substances,  leaving  the  precious  metal  puri- 
$ed  below.  Combined  with  tin,  it  forms  soft  solder,  with  one 
fiturth  its  weight  of  antimony,  it  composes  printer's  types  for 
tbe  large  letters;  it  alip  fornis  useful  alloys  with  cobalt,  bis- 
qiHtb,  mercury,  platina,  iron,  zinc  and  copper. 
...Minerals,  The  ores  of  lead  are  very  numerous,  and  pre- 
sent a  variety  of  appearances,  often  exhibiting  an  earthy  aspect 
Xi  occ^in  combined  with  sulphur,  with  oxygen,  with  the  car- 
bonic, muriatic,  phosphoric,  arsenic,  molybdic,  and  chromic 
acids;  abo  with  antimony,  iron,  manganese,  and  silver,  or 
t}ieir  ores;  likewise  with  the  earths  silex,  alumine,  lime,  mag- 
nesia and  with  water.  Galena,  lead  glance,  or  sulphuret  of 
lead,  86*13  lead,  13*02  sulphur,  0*5  iron  is  the  most  abundant 
of  its  ores,  and  occurs  in  all  the  British  mines.  There  are  5  or 
6  varieties  of  it,  and  it  affords  nearly  all  the  lead  that  Great 
Britain  produces,  which  is  annually  from  45  to  48^000  tons. 
The  other  minerals  are  about  17  in  number,  most  of  them  con- 
t^iniiig  several  varietiesj^wd  nearly  aU  of  them  occiur  ii^£ngland. 
Bji^^lead  jabpsuds  in  nearly  jiU  pacts  of  ihe. world. 
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15.   ANTIMONY. 


C  18*6      Oxygen    .    Greyozid* 
100  Metal/  27-7      Do.  .    White 

(.35-556  Do.  .    Yellow 

Specific  Grarity  6*8. 

Antimony  is  a  brilliant,  silvery  white  coloured  metal,  with 
a  bluish  shade,  and  suffers  very  little  in  its  lustre  by  expo- 
sure to  the  air.  It  is  apparently  hard,  yet  is  very  easily  cut 
with  a  knife ;  when  rubbed  on  the  hand,  imparts  a  peculiar 
smell,  is  entirely  destitute  of  ductility,  and  possessed  of  so  little 
tenacity  that  it  may  be  easily  reduced  to  powder,  which  when 
thrown  into  chlorine  gas  immediately  inflames,  burning  very 
rapidly  with  a  brilliantly  white  flame.  It  melts  at  810  degrees, 
expands  while  cooling,  and  forms  crystalline  pyramids  with  a 
laminated  structure.  It  volatilizes  at  a  great  heat,  and  may  be 
vitrified,  forming  a  hyacinthine  coloured  glass.  What  is  sold 
in  the  shops  by  the  name  of  antimony  is  only  a  sulphuret,  con- 
taining 25  per  cent,  of  sulphur :  the  pure  metdis  generally  called 
Reguhu  of  Aintimony.  Its  oxides  in  some  solutions  are  very 
poisonous,  yet,  perhaps  no  metal  is  more  extensively  use4  in 
medicine. 

Antimony  combines  with  other  metals  to  form  the  specula  of 
telescopes,  it  also  enters  into  the  composition  of  printers'  types. 
Its  white  oxide,  once  called  Argentine  flowers  of  antimony,  is 
now  called  antimonious  acid ;  and  with  the  slight  variation  of 
being  dipped  in  water,  becomes  Powder  of  Algarotk.  The 
yellow  is  antimoniac  acid.  Jamei  powder  is  a  phosphate  of 
lime  and  antimony.  Emetic  tartar,  consists  of  56  tartrate  of 
antimony,  36  tartrate  of  potas,  and  8  water.  Kermes*  mineral 
and  golden  sulphur  are  both  sulphurets  made  with  potas :  thiey 
and  other  preparations  of  antimony  are  much  used  in  medicine 
for  cattle.  Sulphuret  of  antimony  was  much  used  in  remote 
antiquity  by  the  females  for  staining  the  eyebrows  black. 
Butter  of  antimony  is  a  muriate,  composed  of  54*88  antimony, 
45*12  chlorine ; — it  occurs  native  in  Bohemia. 

Minerals. — Antimony  is  not  a  very  rare  metal,  though  it  is 
found  in  few  mineral  districts.  It  occurs  native,  alloyed  with 
small  portions  of  iron  and  sUver,  near  Grenoble  France,  in 
Sweden,  Mexico,  and  Connecticut;  in  this  last  country  large 
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masses  are  exposed  to  tlie  day.  Some  Tarieties  of  salpharets 
occur  in  Cornwall^  in  Dumfriesshire^  in  many  parts  on  the 
Continent  and  in  South  America. 

16.   BISMVTti. 
90  Metal,  10  Oxygen.     Specific  GimTity  9*8. 

Bismuth  is  a  reddish  white  coloured  metal,  retaining  its 
lustre  when  immersed  in  water,  hut  losing  it  when  exposed  to 
the  air.  It  melts  at  the  low  temperature  of  476  degrees,  ren- 
ders a  great  many  alloys  very  fusible,  expands  more  than  any 
other  metal  while  cooling,  and  forms  paralellopiped  crystals 
with  a  lamellar  structure.  It  is  moderately  hard,  but  not  duc- 
tile, and  possesses  so  little  malleability  that  it  may  with  smart 
strokes  of  a  hammer  be  pulverized.  It  has  no  taste  or  smell, 
volatilizes  at  a  great  heat,  burns  when  ignited  with  a  beautiful 
kind  of  lambent  flame,  and  also  inflames  spontaneously  when 
suspended  in  chlorine  gas.  Its  specific  gravity  may  be  a  little 
increased  by  careful  hammering.  It  is  not  an  abundant  metal, 
and  belongs  exclusively  to  primary  countries. 

Bismuth  among  workmen  goes  by  the  name  of  Tinrglan. 
It  is  chiefly  used  in  the  alloy  of  which  printers'  small  types  are 
made ;  and  to  its  property  of  expanding  while  cooling  are  we 
chiefly  indebted  for  the  well  defined  edges  of  the  printed  letters  : 
the  metal  in  casting  and  cooling  tightly  filling  up  the  mould. 
Bismuth  gives  brilliancy  and  hardness  to  tin,  and  their  alloy  is 
very  useful  in  making  vessels  of  capacity.  An  alloy  of  8  bis- 
muth, 5  lead,  and  3  tin  will  melt  at  a  lower  temperature  than 
that  of  boiling  water.  For  amusement,  fine  looking  tea-spoons 
are  made  of  it,  which,  when  put  into  the  hot  tea,  melt  in  the 
hand  of  the  surprised  and  unwary  spectator.  If  equal  portions 
of  zinc,  lead,  and  bismuth  are  melted  together,  they  may  be 
kept  in  a  state  effusion  on  paper  by  merely  holding  them  over 
the  flame  of  a  candle.  An  alloy  of  bismuth  and  lead  is  so 
fusible  that  it  has  often  been  used  to  adulterate  quicksilver. 
Pearl-white  or  magistery  of  bismuth  is  prepared  from  tiie  oxide : 
it  is  used  as  a  cosmetic  and  imparts  a  beautiful  white  to  the 
skin ;  but  should  the  borrowed  charms  cpme  in  contact  with 
sulphuretted  hydrogen  gas,  which  often  abounds  in  the  smoke 
of  coal  fires,  they  immediately  assume  a  tawny  and  ghastly 
hue.    Pomatum  prepared  with  the  oxide  is  said  to  turn  the 
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hair  black.  Nitrate  of  bismuth  forms  a  sympaihUie  ink:  tfar 
characters  formed  with  it  are  invisible  till  the  paper  is  plunged^ 
in  water,  when  they  become  white  and  perfectly  legible. 

Minerals. — Native  bismuth  occurs  with  the  ores  of  cobalt, 
nickel,  and  sometimes  with  those  of  lesd  :  it  generally  contains 
a  little  arsenic.  It  often  occurs  in  feathery  masses,  both  in 
Cornwall  and  other  parts  of  the  world.  Along  with  it  is 
generally  found  a  iulphuret  (bismuth  glance).  On  the  Continent 
the  solphuret  often  contains  a  lairge  portion  of  copper/  where 
also  is  found  6fniiiiM  ochre  oJr  axi(ie.  A  carbonate  occurs  ill 
Cornwall; 


17;   MBRGURT  OR  QUICRSICVER. 
Specific  GrsTity  of  fioid  13^68 ;  of  soUi  15^12. 


TliB  peculiar  feature  of  this  metal^  is,  its  oontiiiliiiig:  in  a 
fluldf  state  at  the  atmospheric  temperature  of  our  dimateu  It  iv 
white,  and  has  the  appearance  and  brilliancy  of  melted  sitveiv 
imparts  neither  taste  not  smell,  and  possesses  the  oohcdve 
power  so  weakly  that  it  miiy  be  pressed  through  leather.  It 
does  not  o)ddize  when  exposed  to  the  air,  unless  agitated  form 
long  time,  or  healed  to  600  degrees.  It  boiltf  at  656  deg;-  and 
is  then  gradually  converted  into  an  invisible  and  very  elastio 
vapour.  But  when  quicksilver  is  cooled  down  to  71  deg.  belotr 
freeaing  point,  it  becomes  as  it  were  a  new  metal.  It  is  then 
as  solid  and  as  opaqufi  as  othtir  metals,  t^acious,  and  soTery 
malleable;  that  it  may  be  hammered  info  shofAa  as  thin  as  paper. 

Ihe  red  or  bright  scarlet  oxide  is  obtained  by  heat,  or  by  the 
agency  of  nitric  acid,  when  prepared  by  this  last  method  it  is 
sometimes  called  red  precfyitate:  When  meronry  is  heated  in 
chlorine  gas,  it  bums  with  a  faint  red  flame,  and  the  prodnet 
is  corrome  tnbhmaiep  consisting  of  74  mercuiy  and  26  chlorine; 
jt  is  soluble  in  water,  has  an •  acrid .burtiing  taste,  andis  araak 
poison.  Cahmelis  corrosive  sublunateandmercury  tritibrated 
together,  and  then  submitted  to  subtimatiotii  This  is  the  most 
.Qsaful  of  all  the  preparations  of  mercury,  but  is.  dangerous;  for 
:«aiess  well  made,  unless  the  corrosiTe  subUmate  ia  w^  dii^ 
solved,  it  is  pernicious.  Calomel' is  tasteless  and  insoluble  in 
waters  the  best  method,  therefore;  of  proving  thtt  it  oontaiBS 
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no  corrosive  sablimate,  is,  to  boil  it  a  long  time  in  water,  and 
if  it  remain  undissolved  and  without  taste,  it  is  safe.  Mercury 
also  combines  in  two  proportions  with  iodine,  viz.  62^  and  125 
iodine  to  100  mercury.  With  sulphur  it  combines  in  two  pro- 
portions, 8  and  16  sulphur  to  100  mercury.  The  former  is 
black  and  is  Ethiops'  mineral;  the  latter,  by  a  particular  pre- 
paration, is  Vermillion,  which  is  made  only  by  the  Dutch  and 
Chinese,  Turbith's  mineral  is  a  sub-snlphate;  and  Keyser's 
pill  an- acetate. 

But  the  greatest  consumption  of  mercury  is  in  South  America 
in  purifying  the  precious  metals.  It  combines  with  most  of  the 
odier  metidtfand  their  alloys  are  called  amalgams.  When 
amalgamated'  wHh'  platina,  the  specific  gravity  of  the  compound 
is  only  11^,  thbugh  that  of  the  platina  alone  is  21,  and  that  of 
mercury  it«elf  above  18^.  With  bismuth  it  is  used  for  coating  the 
innde  of  glass  globes ;  with  tin  for  common  mirrors ;  and  with 
zinc  ^or  electrifying  machines.  A  fulminating  powder  is  made 
from  this  metal,  recommended  in  blasting  rocks,  as  its  imme- 
diate effect  is  greater  than  that  of  gunpowder,  though  it  does 
not  extend*  so&ir. 

MifiBliALS.^^Mercury  ia  an  abundant  metal,  and  it  is  found 
in  various  parts  of  Europe,  Asia,  and  South  America,  though 
comparatively  in  few  diiitriots.  It  often  occurs  native,  in  coal 
measures,  in' the  argillaceous  schist,  sandstones  and  magaesian 
fimostones,  whence  it  is  obtained  by  sublimation,  but  it  fre- 
quently appears  in  globules  in-  the  gangue  stones,  or  in  the 
credces  of  rocks.  In  Peru' is' a  mine  170  fathoms  in  circum- 
ference and  48a  deep.  In  the  womb  of  this  dismal  abyss  are 
thousands  of 'the  human^race  immolated  to  avarice,  who  are 
plunged  in  naked  and  never  move  see  the  day  light,  their 
wretched  eicistence'  being  shorUy  terminated  by  convulsions 
aild  other  maladies  imeident  td  those  who  are  too  much  employed 
with  this  nletal.  The  mines  of  Idria,  Spain,  and  China  yield 
bdneiuie'^uan titled.  In  Sweden,  Hungary,  and  the  Palatin- 
al^,  it  Is  found  combined  with  36^  per  cent,  of  silver.  However 
ftifDj^stlyocettMas  asttlphuret,  which  whethisr  native  or  arti- 
ficial- isonUed  dnnabar,  84^  met.  14*75  sul.  The  hepatic  con- 
teinsa  little  silex,  ^unune,  and  oxide  of  ironv  Hmn  quicksilver 
consicts  of  70  oxide,  16*4  murialio  aoid,   and  7*9  sulphuric 
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18.   ARSENIC. 


75  Metalj  25  Oxygen    .    White,  or  araenons  acid 
67  Do.      33  Do.  •        -—         anemc  acid 

Specific  Gravity  5*7. 

Arsenic  is  a  bluish  white  metal,  not  unlike  polished  steel, 
brilliant,  but  soon  oxides  when  exposed  to  the  air  and  becomes 
almost  black,  yet  remains  unaltered  in  water  or  alcohol.  In  all 
its  compounds  it  is  highly  poisonous.  It  has  no  smell  while 
cold,  but  when  heated  or  struck  emits  a  very  strong  odour 
resembling  that  of  garlic.  It  volatilizes  at  about  856  degrees  in 
a  white  vapour,  which  when  collected,  crystallizes  in  cubes. 
It  is  extremely  brittle,  yet  the  softest  of  all  the  metals,  and  has 
a  gramilar  fracture.  If  inflamed  and  then  put  in  oxygen  gas, 
it  will  continue  burning  very  brilliantly,  but  inflames  spontane- 
ously in  chlorine  gas,  and  combines  with  iodine. 

Arsenous  acid  is  sold  in  the  form  of  a  white  powder,  vulgarly 
called  White  Mercury ;  and  is  the  deadly  ingredient  with  which 
as  a  poison,  the  horrid  crime  of  murder  has  been  so  often  per- 
petrated. The  best  antidote,  when  it  has  been  swallowed,  is 
said  to  be  a  few  scruples  of  liver  ofwlphur,  (sulphate  of  potas), 
dissolved  in  a  little  more  than  half  a  pint  of  water,  and  given 
by  little  and  little  as  the  patient  can  bear  it.  The  presence  of 
arsenic  may  in  any  of  its  forms  be  detected,  if  in  solution,  by 
adding  thereto  a  little  of  the  above  dissolved  liver  of  sulphur, 
when  it  will  be  precipitated  in  the  form  of  yellow  orpiment 
But  if  the  arsenic  be  in  any  solid  substance,  then,  shooM  a 
little  be  placed  upon  a  hot  coal,  or  dropped  into  a  clear  fire,  the 
metal  will  rise  in  white  fumes  with  the  smell  of  garlic. 

Arsenic  is  used  in  the  composition  of  specula  for  reflecting 
telescopes.  Copper  alloyed  with  it  is  rendered  white,  and  the 
compound  is  malleable,  flexible,  and  susceptible  of  a  very  high 
polish.  Many  articles  are  made  of  this  alloy  which  are  washed 
or  plated  with  silver.  Arsenic  renders  lead  brittle,  and  when 
fused  and  poured  through  a  sieve,  more  apt  to  separate  into 
grains.  In  this  way  is  small  shot  manufactured;  for  being 
dropt  from  the  top  of  a  very  high  tower  into  water  at  the 
bottom,  it  is,  by  the  attraction  of  aggregation,  globulated  on 
leaving  the  sieve,  and  in  this  form  cooled  or  solidified  in  its 
descent.    Arsenic  is  also  used  in  purifying  flint  glass,  as  well 
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as  for  staining  glass:  the  white  twisted  threads  seen  in  the 
stalks  of  some  wine  glasses,  are  formed  with  it  Butter  of 
arsenic  is  composed  of  2  metal  and  3  chlorine.  8cheete*s  green 
is  arsenic  and  potash.  King's  yellow  is  made  from  yellow  orpi- 
ment.  Snlphuret  of  arsenic  is  much  used  in  calico  printing, 
for  de-oxydtzing  indigo,  and  rendering  it  soluble  in  alkali. 
Different  shades  are  given  to  fine  furs  hy  solutions  of  this  metal. 
The  Chinese  and  other  Eastern  nations  are  said  to  form  realgar 
into  medicinal  cups,  and  use  lemon  juice  that  has  stood  some- 
time in  them  as  a  cathartic;  and  one  sixteenth  part  of  a  grain 
of  white  arsenic  may  he  taken  with  the  greatest  safety  as  a 
remedy  for  inveterate  agues. 

Minerals.  Arsenic  is  rather  an  abundant  metal,  but  chiefly 
belongs  to  primary  districts;  it  occurs  native  along  with  the 
ores  of  several  other  metals,  in  many  parts  of  Europe,  and  also, 
though  sparingly,  in  North  and  South  America.  The  whitB 
oxide  occurs  in  many  places,  chiefly  stalactitic.  Sulphurets  are 
found  in  Cornwall,  Devonshire,  at  Alva  Stirlingshire,  and  in 
various  parts  of  the  Continent.  Realgar  or  native  red  arpiment 
is  composed  of  69  arsenic  and  31  sulphur:  it  is  of  a  scarlet  or 
dark  orange  colour.  Yellow  arpiment  62  arsenic  and  38  sulphur 
is  of  a  beautiful  lemon  colour,  and  is  generally  found  in  secon- 
dary mountains.  Pharmacolite  or  arsenic  bloom,  consists  of 
50*54  arsenic  acid,  25  lime,  and  24*46  water.  Arsenic  contami- 
nates many  of  the  British  metallic  ores;  in  Saxony  it  is  gene- 
rally separated  from  the  cobaltic  ores,  by  roasting  them  in 
fiimaces,  which  have  long  horizontal  chimneys.  It  volatilizes, 
and  the  vapour  entering  these  flues,  is  therein  condensed  and 
encrusted,  whence  it  is,  at  stated  periods,  withdrawn  by 
condemned  criminals,  who  would  otherwise  meet  a  more  speedy 
doom. 

19.  MOLYBDENUM. 

{17  Ozyg«n  .  Brown  oxide 
34  Do.        .  Blue       •     or  molybdous  add,  a  fine  bine  powder. 
51  Do.        .  White     -     or  molybdic  acid,  a  pale  yeUowiah  pow. 

Spedfic  Gravitj  8*6. 

This  metal  is  of  a  white  sUvery  colour,  verybrittle,  and,  when 
fused  over  charcoal  with  a  stream  of  oxygen  gas,  bums  with  a 
white  vapour,  which  when  collected  is  in  small  needle  formed 
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erystals.  It  is  not  a  scarce  metal,  bat  it  has  not  been  bfcmght 
into  use,  tbongh  if  forms  alloys  with  many  of  the  other  meUls. 
Minerals.  It  has  only  been  obtained  in  small  grains  from 
a  mineral  called  molybdena,  60  metal  and  40  sulphur,  in  oat- 
ward,  appearance  like  plumbago — occuring  in  veins  traversing 
granite,  in  Cornwall,  near  Caldbeck  Cumberland,  and  Shap 
Westmorland;  and  in  chlorite  slate  Invemesahire.  It  also 
ooours  in  several  parts  of  Europe,  as  well  as  in  America.  An 
oaude  combined  with  iron  occurs  in  Scotland  and  J^DCway. 

20.  TUNGSTEN  OR  SOHBBUN. 

100  li«ul  J  '^'^  Oxygen  .  Brown 

^  1 26'    Do,         .  Yellow,  tungstic  acid,  wMcU  by  expotore  to  light 
becomes  bine. 

Specific  Gravity  17*4. 

Tungsten  is  ^  hard,  brittle,  granular,  brilliant  metal,  of  a 
colour  resembling  steel.  It  requires  a  very  intense  heat  to  fuse 
it,  and  is  little  inferior  to  gold  in  weight ;  the  only  use  it  seems 
to  be  put  to,  is,  that  of  precipitating  the  colouring  matter  from 
certain  woods  for  the  purpose  of  forming  the  French  Lakes. 

Minerals.  It  may  be  called  a  rare  metal,  is  never  found 
pure,  and  its  ores,  which  arc  but  three  in  number,  are  chieflj 
confined  to  the  primary  mountains  generally  accompanying 
those  of  tin  or  magnetic  iron.  Wolfram,  64  (ungstic  acid,  22 
oxide  of  manganese,  and  13*5  oxide  of  iron,  is  very  common  in 
Cornwall ;  it  also  occurs  in  Rons,  one  of  the  Hebrides,  and  in 
several  of  the  continental  mines.  Tungsten,  sometimes  called 
Scheelium,  from  the  chemist  who  discovered  it,  consists  of  64 
tungstic  acid,  31  lime,  4  silica;  and  occurs  in  Cornwall,  Sweden, 
Saxony,  and  Bohemia.    Aji  oxide  is  found  in  North  America. 

21.  CHROME  OR  CHROMIUM. 

^  Oxygen        Brown  . 

tQO:Metal<  43*36  Do.  .    Green,  chromons  acid 

(  87*72  Do.  .    Deep  scarlet,  chromic  add 

SpeciAeQnmlgr.6-9. 

*r,HROMi,u»i^is  a  white,  .brittle  jnetal,  susceptible  of  a  .good 
poliah^  which  reniaina  unaltered  by.  exposure  to,  the.  air ;  jrequiras 
a,miyi/LjotQnseijDeat.(o  fuse  it^.doe«;AAtjreadily.lNmi»r«aist«.aU 
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the  aoids  except  aqna-regia,  and  has  slight  magnetic  properties. 
It  derives  its  name  from  its  imparting  different  coloors  to 
different  snbstances.  Its  acid,  combined  with  lead  gives  a 
beautiful  orange  yellow;  with  mercocy,  the  coloor  of  vermillion ; 
with  silver,  carmine  red;  and  with  sine  or  bismuth,  bright 
jellow.  It  is  but  a  recently  discovered  metal  and  its  compounds 
are  little  known. 

Minerals. — Chromate  of  iron,  43  chromic  acid,  34*7  oxide 
of  iron,  20*3  alumine,  2  silex,  occurs  in  Serpentine,  in  some  of 
the  Shetland  isles,  in  Banffshire,  in  France,  in  the  Uralian 
mountains,  and  in  several  places  in  America.  Chromate  of 
lead,  36'04  chromic  acid,  63*96  oxide  of  lead,  which  is  some- 
times accompanied  by  a  variety  containing  oxide  of  copper, 
occurs  in  the  gold  mine  of  Beresof,  Siberia.  Chrom-iron2  per 
cent  of  chrome  has  been  found  in  the  sands  of  the  Bhine— 
accompanied  by  iron-stone,  mica,  and  argentiferous  gold.  In 
the  isle  of  Unst  (Shetland)  the  oxide  occurs  along  with  the 
chromate  of  iron,  which  there  abounds.  Chrome  gives  colour 
to  the  emerald,  the  spinelle  ruby,  and  some  other  earthy 
minerab.    It  has  been  detected  in  aerolites. 

22.  COLUMBIUM  OR  TANTALIUM. 

100  Metal,  5*5  Oxygen    .    Oxide  or  acid. 
Specific  Gravity  5*61. 

This  is  a  dark-grey  metal,  but  utterly  infusible,  so  that  the 
most  perfect  specimen  consisted  merely  of  hard  grains  closely 
agglutinated  together.  It  maybe  reduced  to  powder,  but  even 
in  that  state  resists,  the  attack  of  all  the  mineral  acids.  If 
heated  to  redness,  it  takes  fire  and  consumes  slowly  without 
flame.  Little  more  is  known  of  it,  than  that  it  differs  in  many 
respects  from  all  other  metallic  substances.  It  combines  with 
iron,  and  the  alloy  has  the  appearaooe  of  brittle  cast  iron ;  also 
with  tungsten,  forming  a  compound  similar  to  pure  tungsten, 
but  is  harder  and  takes  a  finer  polish.     It  is  a  very  rare  metal. 

Minerals. — It  was  first  discovered  in  a  mineral,  received 
from  America,  by  Sir  Hans  Sloanc,  called  by  him  Columbinm, 
and  deposited  in  the  British  Museum.  Another  ore  was  found 
in  Finland  called  taHialite,  and  the  metal  from  it  was  called 
tanialium,  which  proved  on  examination  to  be  identical  with 
cohunbium.    The  former  mineral  consists  of  80  oxide  of  coL 

2U 
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l&  oxide  of  iron^  6  oside  of  nangftnese :  tba  ktter  88*2  oxide  of 
tm*,  7:2  oxide  of  iron,  7*4  oxide  i  of  manganese,  0*6  tin.  Two 
varieties  of  the  latter  -  have  heen  found  m  Gerauuiy.  See 
Ittriom. 

23.   PLATINA  OR  PLATINUM. 

.   fiptdficGraritf  from  21  to  23. 

Platina  is  aoeotinted  one  of  the  preeions  metals.  Its 
colour  is  between  tin-white  and  iron-grey  ;  it  is  capable  of  be- 
"^?^n^' finely  polished,  bnt  is  not  so  brilliant  as  silver.  It 
has  nearly  the  hardness  of  pnre  irony  and  like  that  metal  may 
he  welded.  It  possesses  great  malleability^  tenacity,  and  dno- 
tility ;  is  utterly  wfdsible  in  the  farttace,  bat  submits  to  the 
huminglens  and  oxygen- gas.  When  a  piece  is  held  in  the 
flame  of  the  blow-pipe,  it  bprns  with  great  rapidity,  throwing 
off  a  profusion  of  brUliant  sparks ;  yet  it  will  not  burn  in  ehlo- 
rine  gas,  but  rapidly  imbibes  chlorine,  and  is  thus  readily  con- 
verted into  a  muriate.  It  resista  the  energy  of  all  the  acids 
except  nitro-muriatic,  but  is  corroded  by  the  caustic  alkalies ; 
is  unalterable  by  air  or  wtfter,  but  may  be  Oxidized  by  frequent 
shocks  of  electricity.  It  is  utterly  void  of  taste  or  smell,  is 
the  densest  of  all  known  substances,  but  conducts  heat  slower 
than  any  other  of  the  metals. 

Although  this  metal  possesses  most  of  the  valuable  properties 
of  the  other  metals,  its  use  has  hitherto  been  confined  to  only  a 
few  purposes ;  sach  as  mirrors  for  reflecting  telescopes,  uten- 
sils for  the  chemists,  orifices  for  gas  lamps,  and  touch-holes  for 
fowling-pieces.  It  may  be  drawn  into  wire  of  little  more  than 
the  twenty-thousandth  part  of  an  inch  diameter,  with  heavy 
rollers  may  be  pressed  into  sheets  of  almost  any  thinness,  and 
has  been  beaten  into  leaves  and  applied  to  porcelain  in  the 
manner  of  leaf-gold.  Yet  one  inconvenience  attends  it,  which 
is,  that  it  can  only  be  soldered  with  gold.  '  It  forma  many  use- 
ful alloys,  especially  with  copper,  w4iieh  metal  may  also  be 
coated  with  platina  almost  as  easily  as  iron  with  tin.  The 
oxide  is  used  for  certain  articles  in  pottery;*  and«dso  in  enamel 
painting.  When  this  metal  is  heated  to  redness,  and  then 
introdueed  into  a  closed  tube  containing  the  fumes  of  pko^ho- 


Digitized  by  VjOOQIC 


THE  METALS.  39^ 

ns,  tHe  ftotioQ  ia  80  Yidleni' (that  the qplatiha  beeomes  vividfy** 
ignited,  end  an  iofoBtMebluieh  grcfy  poWer  is  prodmed^  eo«i^ 
sisting  of  S1*2I  of  phosphdm*,  and  100  pktina :  it  may  alsor  be" 
mmde  to  take  a  larger  dose  of  phospbonts.  It  combines  with* 
snlphnr  in  three  proportion9,  Tie;  10*04,  28*M,  and  38  sutpbor^ 
to  100  platina4  For  ita  combination  with  hydrogen  see  piage  21(1. 
Minerals.  Platina  is  a  rare  m^stal  and  always  occurs* 
native.  In  the  district  of  Choco,  Pern,  it  is  found  aiiu>ng  the' 
allurial  ores  of  gold  in  roundish  flattened'  grains,  not  larger 
than  a  grain' of  sand;  yet,  in- some  instances,  they  have  beetf 
met  with'  as  large  as  peas;  one  specimen,  in  the  possession  of 
the  king  of  Pnissiai  is  larger  than  a  pigeon's  egg,  and  there  is 
another  in  the  Royal  Museum  of  Madrid  whose  longer  diameteir 
is  ^  inobes  and  the  shorter  2  inches.  It  also  occurs  near 
Carthageoa,  and  in  the  gold  mines  of  Brazil :  the  ore  contains 
no  less  than  nine  different  substances,  vis.  silica,  iron,  lead^ 
copper  fdatina,  iridium,  osmium,  rhodium,  and  palladium.  It 
is  met  with  in  St.  Domingo,  in  the  sands  of.  a  river  called  Jaki, 
at  the  foot  of  the  Sibaen  mountain^  on  the  east  side  of  the 
idandt  The  graiiis  «re  here  along  with  the  ores  of  magnetio 
iron,  -gcAd^  and  other  substances,  and  are  larger  than  those  of 
Sofiitk  Ameziea.  This  metal  also  abounds  in  the  grey  silver 
ores  of  Ouadafoanal,  Estramadura,  Old  Spain. 

24.   GOLD. 

96-13    Metal,    3-87   Oxygen    .    Green  oxide 
89-225  Do.       10-775  Do.  .    Brown 

Specific  Gravity  19*3 

Gold  has  a  fine,  bright  yellow  colour,  rather  inclining  to 
red,  with  a  lustre  scarcely  exceeded  by  any  of  the  metals.  In 
hardness  it  is  superior  to  tin,  but  inferior  to  silver.  It  exceeds 
all  the  metals  in  ductility  and  malleability,  but  its  tenacity  is 
leas  than  that  of  iron,  copper,  platina,  or  silver,  and  it  does  not 
posaeM  much  elasticity.  It  has  neither  taste  nor  smell.  It 
melts  at  1,900  degrees,  and  then  assumes  a  bright  green  colour 
indinsng  to  blue.  In  this  state,  no  exposure  to  the  most 
inlesse  lieat^  air,  or  water,  for  any  length  of  time,  will  either 
diminidi.the  weight  or  alter  the  appearance;  and  when  per- 
nttlt6d.v  to  cold  it  contracts  in  bulk,  forming  crystals  in  the 
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shape  of  qaadribiend  pyramids.  But  although  this  metal  is  in'* 
vincible  when  opposed  to  fire,  air,  water,  and  the  common 
acids,  it  is  conquered  when  attacked  by  the  galvanic  battery, 
the  blow-pipe,  chlorine  gas  and  aqna-regia.  The  former  two 
reduce  it  to  a  purple  oxide,  and  the  latter  two  to  a  muriate. 
Yet  in  the  former  state  along  with  ammonia  it  forms  fulminating 
gold,  a  most  dangerous  and  destructive  composition,  and  in  the 
latter,  when  concentrated  by  evaporation  it  forms  yellow  crys- 
tals as  beautiful  as  topazes;  or  if  combined  with  ether,  makes 
poiable  gold,  which  was  once  believed  to  cure  every  disease  in- 
cident to  the  human  race,  provided  only,  the  patient  could  pro- 
cure a  sufficient  quantity  of  this  royal  metal  in  an  unconquered 
state. 

There  seems  to  be  some  doubt  respecting  the  oxides  of  gold, 
for  besides  the  above,  the  purple  and  yellow  are  spoken  of; 
y«t,  so  little  affinity  has  it  for  oxygen,  that  the  mere  rays  of 
the  sun  will  de-oxygenize  it,  and  restore  it  to  its  pure  state. 
Amalgamated  with  quicksilver,  or  alloyed  with  some  of  tho 
other  metals,  gold  by  a  slight  heat  may  be  easily  calcined  or 
oxidized,  but  a  strong  heat  restores  it  to  itself  in  its  true  splen- 
dor :  hence  the  simile,  that  a  gwd  man  entangled  in  the  love 
and  favour  of  the  world,  and  suffering  slight  afflictions,  is  oast 
down  and  disheartened;  but,  should  great  afflictions  come 
upon  him,  he  breaks  from  his  entanglement,  despises  the  vain 
glory  or  censure  of  the  world,  and  comes  forth  like  gold  seven 
times  purified  in  the  fire. 

The  chief  use  of  gold  is  in  its  alloys,  and  that  with  copper  is 
the  most  serviceable,  because  enough  of  this  metal  may  be 
added  to  improve  the  hardness  vnthout  doing  injury  to  the 
colour.  Standard  gold  of  Great  Britain,  called  22  carats  fine, 
is  22  of  pure  gold  with  2  of  copper.  The  current  coin  has 
generally  a  mixture  of  silver.  One  pound  of  sterling  gold  is 
always  coined  into  44^  guineas.  Jeweller's  gold  is  generally 
alloyed  with  copper,  the  pale  with  silver,  and  an  alloy  of  gold 
and  silver  is  used  for  soldering  gold. 

The  colour  and  the  weight  of  gold  are  the  general  criterions 
whereby  to  judge  of  its  purity,  though  the  latter  fails  when  it 
is  alloyed  with  platina.  In  this  case  the  adulteration  cannot  be 
detected  without  dissolving  the  whole  m  aqua-regia,  and  then 
adding  thereto  a  little  dissolved  muriate  of  ammonia,  whan 
the  platina  will  instantly  appear  in  a  red  precipitate.  Gold 
in  solution  may  be  detected  by  the  green  sulphate  of  iron, 
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which  makes  a  brown  precipitate  that  soon  changes  to  the 
colour  of  gold. 

Gold  may  be  drawn  into  wire  of  extreme  smallness,  and  beat 
into  leaves  that  may  be  blown  away  by  the  slightest  motion  of 
the  air»  even  so  thin  that  it  would  take  almost  300,000  to  an 
inch.  An  ounce  of  pure  gold  will  gild  a  silver  wire  more  than 
1,300  miles  in  length,  and  the  silver  be  so  completely  covered 
as  not  to  be  discernible  by  the  microscope.  The  film  must  be 
so  thin,  that  it  has  been  calculated  14  millions  of  them  would 
only  make  an  inch  in  thickness,  while  the  thickness  of  the 
same  number  of  leaves  of  writing  paper  would  be  nearly  three 
quarters  of  a  mile.  Yet  a  mixture  of  lead  or  antimony,  though 
only  a  nineteen*hundredth  part  of  the  gold,  would  entirely  des- 
troy its  ductility. 

When  leaf-gold  is  thrown  into  chlorine  gas,  at  a  temperature 
of  70  or  80  degrees,  it  burns  with  brilliancy.  This  muriate  or 
the  solution  in  aqua-regia  is  used  for  giving  a  fine  purple  red  to 
ornamental  feathers,  to  ivory,  marble,  and  pottery,  and  in  all 
oases  is  permanent.  Leaf  gold  ground  in  honey  is  used  by 
miniature  painters.  Gold  unites  with  sulphur,  and  indeed 
snlphuret  of  potas  will  dissolve  it.  It  is  supposed  by  those  who 
would  exphin  the  miracles  recorded  in  Holy  Writ,  on  natural 
principles,  that  this  is  the  composition  in  which  Moses  rendered 
brittle  the  Golden  Ca(/*  worshipped  by  the  Israelites.  (Exodus 
Chap.  XXXII.  ver,  20).  Gold  has  been  exposed  to  the  very 
intense  heat  of  a  glass  furnace  for  30  weeks  together,  without 
injury  of  texture,  or  brilliancy,  or  loss  of  weight 

Minerals. — ^To  mention  all  the  places  where  gold  has  been 
found,  would  be  to  enumerate  all  the  primary  districts  of  the 
-worid,  and  the  alluvial  and  diluvial  deposits  in  their  vicinity. 
It  idways  occurs  in  the  native  state,  but  generally  alloyed  with 
some  other  metal,  as  silver,  copper,  antimony,  tellurium,  pla- 
tina,  and  arsenic.  The  island  of  Borneo  contains  the  most  pro- 
ductive mines  in  the  world.  The  annual  produce  of  America 
is  stated  at  30,000  pounds  weight,  most  of  which  is  from  the 
alluvial  grounds,  or  beds  of  rivers  of  South  America.  Yet  it 
is  found  in  many  veins ;  and  it  is  remarkable  that  rich  veins  of 
copper  often  terminate  in  poor  veins  of  gold,  which  generally 
ruins  the  proprietors.  They  have  a  saying  in  South  America 
that  "  a  man  gets  rich  with  a  copper  mine,  but  becomes  a  beggar 
with  a  gold  mine.''  Earthquakes  often  lay  naked  veins  or 
lumps  of  gold.    Part  of  a  projecting  precipice  in  one  of  the 
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highest  monntaitis  in  Ptra^oay,  fell  down  some  30  of  40  yelM- 
ago,  and  pieces  of  gold  from  2  to  50  pounds  each  were  found  in 
it  Grains  of  native  gold  have  heen  found  in  Ireland,  some 
pieces  weighing  2  or  three  ounces,  one  was  found  that  weighed 
5  ounces  and  another  22  ounces.  In  Scotland  it  is  said  to  have* 
been  found  near  the  Lead-hills,  also  in  Glen  Turret,  Perthshire. 
It  has  been  found  in  Regent-mine,  North  Moulton,  Devon- 
sbire,  and  in  several  of  the  Stream  works  of  Cornwall.  Not- 
withstanding all  tUe  new  mines  of  gold,  and  the  continual 
addition  to  the  old  stock,  the  monarchs  of  antiquity  seem  to 
have  had  greater  abundance  of  this  precious  metal  than  these 
of  the  present  day.  For,  Solomon,  as  it  appears  from,  ''  The 
First  Book  of  Rings"  must  have  received  27  tons  weight  in  one 
year.  Should  it  be  asked,  '*  what  has  become  of  it?"  Perhaps 
the  most  plausible  answer  that  can  be  given,  would  be  to  sup- 
pose that  almost  every  individual  now  possesses  less  or-more, 
but  at  that  time  it  was  only  in  the  possession  of  royalty. 

25.   SILVER, 
100  Metal,  7*3  Oxygen    .    Brown.      Spedfic  Gravity  10*474. 

Silver  is  of  a  white  colour,  the  most  brilliant  of  aU  the 
metals,  indeed  nothing  exceeds  its  splendor  except  highly 
polished  steel.  It  is  void  of  taste  or  smell,  moderately  hard, 
sonorous,  very  tenacious,  malleable  and  ductile,  is  fusible  at 
1000 deg.,  and  in  cooling  crystallizes  in  quadrilateral  fyranddau 
It  is  combustible  by  the  heat  of  a  large  lens,  or  the  blow-pipe, 
and  then  burns  very  rapidly  with  a  pale  green  flame.  Silver 
wire  may  also  be  deflagrated  with  the  galvanic  battery,  when 
it  exhibits  a  very  splendid  appearance,  and  may  be  volatifixed 
with  a  stream  of  oxygen  gas.  It  very  slowly  tarnishes  by 
exposure  to  the  air,  unless  the  fumes  of  sulphur  are  present^ 
for  which  this  metal  has  a  very  great  affinity,  though  its  pecu- 
liar affinity  seems  to  be  for  muriatic  acid.  It  also  combines 
with  iodine.  Silver  is  said  to  be  about  46  times  more  abundant 
than  gold.  The  annual  produce  of  both,  in  South  America,  is 
worth  about  0^  millions. 

Silver  may  be  beaten  into  leaves  so  thin  that  50  squsffeindhes 
shall  not  weigh  more  than  a  grain,  and  drkwn  into  wire'  only 
half  the  thickness  of  a  small  human  hair.  For  all  itp  uses  in 
ornamental  works,  domeiitic  utensils,  and  current  coin,- it  U 
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aHoyed  with  a  little  copper  to  give  it  a  greater  degree  of  hard- 
ness and  durability.  The  standard  is  37  pure  silver  to  3  copper, 
and  one  ponnd  of  it  is  coined  into  62  shillings.  An  amalgam  is 
Bsed  for  washing  ntensils  of  copper,  *c.:  it  is  mach  inferior  to 
piatiug.  The  chloride  of  silver  consists  of  about  75^  metal  and 
24|-  chlorine,  it  is  used  in  fulminating  compositions.  The  sul- 
phur contains  100  metal,  49*59  sulphur :  it  is  similar  to  lead  in 
texture,  is  of  a  violet  colour,  and  useful  as  a  test  in  some 
analyses.  The  phosphuret  contains  20  per  cent,  of  phosphorus, 
and  is  a  white  crystalline  substance.  But  of  all  the  salts  of 
siltrer,  the  nitrate  is  the  most  useful.  It  is  prepared  by  dis- 
solving silver  in  aqua-fortis.  When  melted  and  run  into  moulds 
it  is  called  bmar  eauitic.  It  is  the  most  powerful  antiseptic 
known.  One  ounce  dissolved  in  12,000  ounces  of  water  will 
preserve  it  pure  for  ever ;  and  it  may  at  any  time  be  separated, 
by  adding  thereto  a  little  table  salt.  When  dissolved  in  water, 
and  suffered  to  rest,  it  crystallizes  in  differently  shaped  trans- 
parent  plates.  And  though  the  solution  in  water  is  as  clear 
as  pure  water,  it  will  stain  the  Mldn  and  other  animal  substances 
with  an  indelible,  black  colour.  Mixed  with  gum  water  it  forms 
ink  used  to  mark  linen:  the  linen  being  first  moistened  with  a 
solution  of  alkali,  and  then  dried  before  the  ink  is  put  on.  It 
is  also  used  to  dye  human  hair,  to  stain  marbles  and  jaspers, 
and  for  silvering  ornamental  works. 

Minerals.  Silver  occurs  native,  also  alloyed  with  anti- 
moBj,  iron,  arsenic,  lead,  copper,  bismuth,  gold,  and  some 
others :  likewise  combined  with  chlorine,  sulphur,  and  the  car- 
bonic and  sulphuric  acids.  It  is  principally  met  with  in  primary 
rocks,  but  not  those  of  the  oldest  formation,  there  are  also 
veins  containing  it  in  secondary  rocks,  but  it  never  occurs  in 
alluvial  deposits.  It  is  found  in  various  parts  of  the  world,  but 
the  Andes  furnish  about  nine  or  ten  times  as  much  as  all  other 
places.  It  is  calculated  that  in  the  three  last  centuries,  between 
three  and  four  hundred  million  pounds  troy  have  x^ome  from 
these  mountains,  which  in  bulk  would  make  a  solid  globe  of 
about  91  feet  diameter.  In  Peru  at  an  elevation  of  three  miles 
above  the  sea  is  a  mass  of  porous  brown  iron  stone  half  a  mile 
in  length,  and  breadth,  and  above  100  feet  in  depth,  inter- 
spersed throughout  with  pure  silver,  and  containing  a  white 
argillaceous  vein  of  great  richness.  The  surrounding  district 
has  yielded  forty  millions  of  dollars  in  one  year.  But  New 
Spain  is  now  said  to  yield  the  most :  a  mine  at  Valencia  is 
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1640  feet  in  depths  and  8  miles  in  horizontal  extent,  employs 
3,100  persons ;  yields  £500,000,  and  leaves  a  profit  of  £200,000. 
In  Cornwall,  native  silver  has  only  been  found  in  olay-slate, 
and  principally  in  the  north  and  south  veins.  The  other  t>res 
of  silver  have  been  found  in  nearly  all  the  mining  districts,  and 
in  almost  all  parts  of  the  world.  All  the  lead  mines  yield  it. 
The  lead  procured  from  a  mine  in  the  county  of  Antrim,  Ire- 
land, contains  a  thirtieth  part  of  its  weight ;  the  lead  mines  of 
Cardiganshire  were  once  very  productive.  The  presence  of 
silver  may  be  ascertained,  by  reducing  the  ore  to  powder,  and 
then  dissolving  it  in  nitric  acid,  to  which  add  a  little  muriatic 
acid,  and  it  will  precipitate  the  silver  in  white  flakes,  which 
after  being  heated  to  redness,  will  contain  three  fourths  of  its 
weight  of  the  pure  metal. 

26.   PALLADIUM. 

87*65  MeUl,  12*44  Oxygen    ,    Chenrnt-brown  oxide. 
Specific  Gravity  11  or  12. 

Palladium  is  a  white  metal,  similar  to  platina ;  it  is  very 
hard,  and  capable  of  being  polished,  malleable,  but  has  little 
elasticity  or  ductility,  and  when  broken  exhibits  a  crystalline 
texture.  It  is  not  altered  by  exposure  to.  the  air,  soluble  only 
in  aqua-regia,  and  produces  a  beautiful  red  solution,  fuses  with 
difficulty,  but  bums  very  brilliantly  when  submitted  to  the  in- 
tense heat  of  the  blow-pipe.  It  is  a  rare  metal,  being  only 
found  in  very  small  quantities  combined  with  platina ;  though 
a  distinct  ore  has  been  found  in  the  gold  and  platina  districts  of 
Brazil,  consisting  of  palladium,  platina,  and  iridium,  but  the 
first  greatly  predominates. 

27.   RHODUJM. 

C    6*71  Oxygen    .    BUck 
100  Metal  ^  13*43  Do.  .    Light  Brown 

C  2013  Do.  .    Dark  Red 

Spedfic  Gravity  1 0649. 

Rhodium  is  a  white  metal  with  a  yellowish  tint,  not  unlike 
silver.  It  is  as  hard  as  iron,  but  much  more  brittle,  is  one  of  the 
most  inftisible  metals,  insoluble  in  the  acids,  forms  alloys  with 
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all  the  metals  except  mercuryy  almost  all  of  which  are  solable 
in  aqua-regia.  It  readily  combines  with  arsenic  or  sulphur, 
and  in  either  case  the  compound  is  very  fusible.  Its  salts  giro 
rose  coloured  solutions,  from  which  die  metal  has  its  name* 
It  only  occurs  combined  in  very  small  quantities  with  native 
platina. 

28.   IRIDIUM. 

M>eep  Blue  and  Dark  Red  oxide :  proportioDS  not  known. 
Specific  Gravity  18*68. 

Iridium  is  a  white  metal,  in  appearance  similar  to  platina. 
It  is  brittle  and  so  diflScult  of  fusion,  that  a  compact  and  solid 
mass  has  not  yet  been  obtained.  It  is  soluble  in  300  times  its 
weight  of  aqua-regia,  forms  alloys  with  several  of  the  other 
metals  and  greatly  increases  their  hardness.  A  large  portion 
combines  with  gold  without  injury  to  its  colour.  Its  salts  in 
solution  exhibit  a  variety  of  colours,  from  which  this  metal  has 
its  name.  As  the  most  perfect  specimen  hitherto  obtained  was 
porous,  it  has  been  supposed  that  if  it  could  be  completely  fused 
and  afterwards  hammered,  its  specific  gravity  would  exceed 
that  of  platina.  It  combines  with  sulphur  in  the  proportion  of 
100  metal  to  33*3  sulphur.     It  only  occurs  alloyed  with  osmium. 

29.   CADMIUM. 

This  metal  was  discovered  in  1817  in  an  ore  of  zinc  found  in 
Silesia,  but  it  has  since  been  recognized  in  some  of  the  English 
ores  of  that  metal.  It  resembles  tin  in  colour,  lustre,  softness, 
ductility,  and  in  the  sound  it  emits  when  bent,  and  meltSi  and 
volatilizes  at  a  few  degrees  below  the  temperature  required  foE 
that  metal.    Its  specific  gravity  is  8*6. 
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CHAP.  XIV. 

The  Electric  Energies  the  Grand  Movers  of 
Nature. 


I.  Formation  op  tub  Hbatbnly  Booibs.    2.  Combts.    3.  Thbory  op  Gba* 

VITATION  AND  PlANBTART  MoTION.        4.    THBORY   OP  LlOBT  AND  HBAT, 

5.  Thb  Sum.    6.  Magnetism.    7.  Elbctro-Maonbtism. 


1.   FORMATION  OF  THB  HBAVBNLT  BODIBS. 

In  referring  to  Sir  W.  Herchers  observations  on  nabnlao  at 
the  conclasion  of  Chap.  IV.  we  made  mention  of  his  opinion 
that  there  is  in  the.oniverse  **  unformed  matter  of  a  lominons 
nature.''  He  imagines  this  nebulous  matter  to  be  the  elementary 
substances  of  the  heavenly  bodies  in  their  most  simple  state, 
that  is,  goMeoui ;  and  by  their  chemical  affinity  to  be  combi- 
ning, concentrating,  and  assuming  the  cometary,  and  finaOj 
the  planetary  or  stellar  form.  That  which  is  the  least  con- 
densed he  calls  diffiued  nebulosity;  the  next  step,  he  terms 
nehuUi;  then,  ^2o6it^  nebula ;  com^lory  nebula ;  planetart^;  and 
lastly,  stellar  nebula.  But  each  of  these  divisions  includes  a 
number  of  nebulse ;  so  that,  they  graduate  into  each  othor. 

Diffused  nebulosities  exist  in  great  abundance.  In  one»  the 
nebulosity  extends  over  150  square  degrees ;  so  that,  Herschel 
supposes  we  can,  in  some  cases,  set  no  limits  to  its  extent ;  and 
that  its  quantity  exceeds  all  imagination.  In  general,  it  has  a 
milky,  white  appearance ;  but  in  some  places  its  light  is  so  very 
faint,  that  the  telescope  is  unable  to  ascertain  its  limits.  All 
the  difiused  nebulosities  have  places  in  them  of  a  much  greater 
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degree  of  brightness^  wherein  it  is  supposed  the  nebalons  mat* 
ter  is  much  more  condensed.  Where  these  condensed  places 
are  rery  conspicaons,  they  take  the  name  of  **  Nebolao,  having 
nebulosity  joined  to  them." 

Nebuke  are  often  brighter  in  two  or  more  different  places. 
In  the  great  nebula  of  Orion,  all  varieties,  both  of  the  brightest 
and  faintest  nebulosities  are  to  be  seen,  and  that  with  a 
moderately  good  telescope.  Some  nebulad  have  three  or  four 
bright  nuclei,  and  these  he  thinks,  in  the  progress  of  condensa- 
tion, will  separate  into  so  many  distinct  bodies  of  nebulous  matter. 
In  support  of  this  opinion,  he  has  observed  double  nebulce^ 
whose  situation  with  respect  to  each  other,  induce  the  belief 
that  they  have  been  formed  from  one  nebulosity.  The  present 
state  of  the  heavens  presents  us  with  several  collections  of 
scattered  nebul»,  plainly  indicating  by  very  remarkable  arrange- 
ments, that  they  owe  their  origin  to  some  former  common  st6ck 
of  nebulous  matter.     ^ 

Whatever  be  the  figure  of  the  nebula,  the  brightness  increases 
firom  the  circumference  to  the  centre.  But  the  more  they  are 
condensed,  the  rounder  is  their  central  appearance ;  so  that, 
the  most  condensed  always  present  a  globular  form.  In  one 
instance  the  nebula  appears  like  a  long  narrow  oval,  with  a  dark 
line  along  the  middle.  He  supposes  it  to  be  in  the  form  of 
a  ring,  whose  edge,  like  that  of  Saturn,  is  nearly  towards  us. 

Among  the  many  nebutae  he  has  seen,  there  are  several 
which  have  the  appearance  of  telescopic  comeit.  These  seem 
to  be  in  a  higher  state  of  condensation  than  the  globular.  They 
have  a  bright  centre,  then  a  dark  interval,  and  around  this  a 
bright  coma.  Some  of  these  are  still  more  concentrated;  so  that, 
their  brightness  exhibits  an  abrupt  brightness,  which  may  be 
supposed  to  be  the  nucleus;  and  the  coma  is  in  some  become 
almost  invisible. 

Planetary  nebulce  are  those  wherein  the  nuclei  have  assumed 
semething  of  a  planetary  aspect ;  but  yet  are  surrounded  with  a 
haziness,  that  sheWs  their  nebulous  origin.  It  is  not  supposed 
that  the  matter  is  really  solidified  in  these,  but  that  it  is  in  a 
fluid  state.  They  generally  have  somewhat  of  the  elliptical 
appearance,  supposed  to  be  occasioned  by  a  rotatory  motion,  in 
which  they  assume  the  oblate  spheroidal  shape.  Perhaps  the 
most  remarkable  of  these,  is,  "A  beautiful,  bright,  round 
nebula,  having  a  pretty  well  defined  planetary  disc  of  about  10 
or  12  seconds  in  diameter.     It  is  a  little  ellipticalj  and  has  a 
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very  small  star  following,  which  gives  us  the  idea  of  a  smaU 
star  accompanyiDg  its  planet  It  is  visible  in  a  common  Finder 
(telescope)  as  a  smaU  star/'  In  common  good  telescopes, 
planetary  nebulao  cannot  be  distinguished  from  stars. 

.The  Stellar  nehnlsB  differ  from  the  planetary  by  being  more 
uniformly  or  more  intensely  bright,  and  are  generally  smaller 
than  the  planetary;  some  of  them  he  supposes  to  be  the  plane- 
tary in  a  higher  condensation.  They  i^re  almost  as  small  as 
stars,  but  are  evidently  not  «tars,  having  some  nebulous  Accom- 
panyment,  such  as  a  very  faint  coma,  a  stream  on  one  side  like 
part  of  a  coma,  surrounded  with  a  bur,  or  in  other  respects 
differing  from  a  star,  as  being  larger  and  fainter,  of  irregular 
figure,  or  of  irregular  brightness.  One  has  a  faint  star  with  a 
coma  and  two  burs ;  and  there  are  two  others  nearly  like  it ; 
and,  lastly,  some  are  so  completely  formed,  that  it  is  doubtful 
whether  they  are  nebulae  or  real  stars. 

Some  stars  have  been  called  nebulous  which  are  not  in 
reality  such; — but  their  light  passing  through  nebulous  matter, 
causes  them  to  have  a  hazy  appearance,  as  when  we  view  a 
planet  or  a  star  of  the  first  magnitude  through  a  hazy  atmos- 
phere. This  is  ascertained  from  some  stars  in  Orion,  which 
were  once  nebulous  but  are  now  no  longer  so.  The  great  nebu- 
la in  that  constellation,  having  since  the  first  observations  were 
made  upon  it,  considerably  contracted  the  limits  of  its  nebulo^ 
sity,  so  that  it  is  now  no  longer  between  us  and  those  stars. 
And  from  the  appearance  of  other  stars,  it  is  supposed  that 
nebulous  matter  exists  in  the  universe  which  does  not  emit 
light;  or,  is  not  in  a  state  of  combination. 

The  above  process  of  concentration  is  perfectly  consistent 
with  the  new  doctrine  of  the  £lectric  £nergies ;  and  tends  to 
establish  the  theory  built  upon  their  being  the  Grand  Instru- 
ments by  which  nature  is  put  in  motion.  We  hence  infer  that 
the  matter,  which  composes  the  spheres  of  the  Solar  System, 
was  once  in  a  chaotic  state,  or  was  a  nebulosity  similar  to  those 
now  floating  in  the  regions  of  space.  While  in  this  condition 
the  elements  were  in  an  uncombined  state,  each  with  its  full 
charge  of  its  respective  electric  fluid;  and  they  would  therefore 
exist  as  so  many  gases.  Darkness  would  pervade  the  whole, 
for  we  can  imagine  a  space  in  Eternity  between  the  first  crea- 
tion of  matter,  and  the  commencement  of  the  combination  of 
the  two  fluids ;  and  as  light  is  a  production  of  such  combination* 
consequently,  this  would  be  the  reign  of  perpetual  nigki*    Fqt 
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any  thing  we  know  to  the  contrary,  many  parts  of  the  Universe 
may  contain  unlimited  portions  of  dark  and  therefore  invisible 
matter. 

A  second  step  in  this  process  of  Nature  would  be  when  the 
two  fluids  began  to  combine,  the  ponderable  bases  of  the  metals 
condensing  first  into  compound  gases  or  aeriforms;  then,  li- 
quids; and  afterwards  solids,  during  which  the  whole  would 
be  luminous.  Such  are  now  the  nebulous  masses  we  have  been 
describing,  and  which  may  be  considered  as  incipient  worlds. 
And  in  this  manner  might  a  nebulosity  or  a  chaotical  part  of  the 
nniverse,  reaching  on  all  sides  to  half  the  distance  between  the 
sun  and  the  nearest  fixed  stars,  be  combined  into  the  bodies 
which  compose  our  Solar  System. 

But,  thirdly,  while  a  mass  of  matter  was  thus  passing  from 
the  chaotic  or  nebulous  state  to  the  globular,  it  would  assume 
the  cometary  form ;  that  is,  being  affected  by  no  attraction  but 
that  existing  among  its  own  particles,  its  elementary  substances 
would  gravitate  towards  the  centre  which  would  become  a  nu- 
cleus^  and  around  this  to  a  great  extent  would  be  aeriform  ele- 
ments, more  condensed  than  in  the  simple  nebulosity,  but  pre- 
vented from  immediate  combination,  or  rushing  as  it  were  at 
once  into  a  solid  mass,  by  the  caloric  liberated  from  the  com- 
bination, and  solidifying  of  the  nucleus.  Another  circum- 
stance would  have  a  more  material  effect  in  rendering  the  pro- 
cess of  concentration  very  slow; — en  account  of  the  immense 
distance  of  some  parts  of  the  nebulosity  from  the  nebula  or 
central  part  of  attraction,  the  action  on  it  would  be  less  than 
any  assignable  quantity;  and  though  great  changes  of  figure 
have  taken  place  in  some  of  the  nebulosities  since  observations 
were  first  made  upon  them;  yet,  taken  as  a  whole,  these 
changes  are  but  trifling; — in  this  case,  says  Herchel,  "millions 
of  years  may  be  but  moments*'.  However  this  process  would 
continue  till  the  whole  of  the  substances  were  combined,  their 
ponderable  bases  still  gravitating  or  passing  through  the  va- 
pour, and  increasing  the  bulk  of  the  nucleus.  The  last  pro- 
cess would  be,  when  the  whole  cooled,  the  aqueous  vapour 
would  condense  into  water;  and  the  earth  and  other  planets 
would  then  pass  into  a  habitable  state. 

Nevertheless  we  are  not  to  suppose  that  all  this  took  place 
under  no  other  direction  than  that  of  blind  chance.  Let  ua 
trace  Nature  as  far  up  towards  the  source  as  we  choose,  we 
come  no  nearer  to  a  knowledge  of  the  Dbity,  nor  discover  less 
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occasion  for  His  creative  power;  and  howerer  we  may  derelope 
the  laws  of  her  operations,  and  shew  their  immntahilitj,  w^ 
stiil  see  a  need  of  the  same  Almighty  Power  to  nphold,  and 
of  the  same  directing  hand  of  Infinite  Wisdom  to  gaide  the 
whole. 

2      COMETS. 

But  we  are  not  confined  to  the  supposition  that  the  whole  of 
the  planetary  bodies,  which  compose  our  solar  system,  were 
formed  from  one  nebulosity.  The  sun  with  two  or  three  of 
them ;  or  the  sun  alone,  might  be  the  whole  of  one  primitiye 
concentration,  and  the  other  or  all  the  primary  planets  and 
their  secondaries  might  be,  successiTcly,  new  accessions,  vis. 
extinguished  comets,  which,  being  attracted  to  within  a  cer- 
tain distance  of  the  sun,  are  made  to  revolve  round  him. 

"From  the  complete  resemblance  of  many  comets,"  says 
Herchel  'Ho  a  number  of  nebeulae  I  have  seen,  I  think  it  not 
unlikely  that  the  matter  they  contain  is  originally  nebulous.  It 
may  therefore  possibly  happen  that  some  of  the  nebul»,  in 
which  this  matter  is  in  a  state  of  high  concentration,  may  be 
drawn  to  the  nearest  celestial  body  of  the  nature  of  our  sun, 
and  after  the  first  perihelion  passage  round  it,  proceed  in  a 
parabolic  direction  towards  some  other  similar  body,  and  pas- 
sing successively  from  one  to  another,  may  come  into  the 
regions  of  our  sun  where  at  last  we  perceive  them  transformed 
into  comets.  The  brilliant  appearance  of  our  small  comet 
(speaking  of  the  comet  of  1811),  may  therefore  be  ascribed, 
either  to  its  having  lately  emerged  from  a  nebulous  state,  or  to 
having  carried  off  some  nebulous  matter  situated  in  the  far  ex- 
tended branch  of  its  parabolic  motion.  The  first  of  these 
cases  will  lead  us  to  conceive  how  planetary  bodies  may  begin 
to  have  existence,  and  the  second  how  they  may  increase  and 
afterwards  grow  up  to  maturity.  For  if  the  accession  of  firesh 
nebulous  matter  can  be  admitted  to  happen  once,  what  hinders 
us  from  believing  a  repetition  of  it  probable  ?  And  in  the  ease 
of  parabolic  motions,  the  passage  of  a  comet  through  immense 
regions  of  such  matter  is  unavoidable".    See  Phil.  Trans.,  v.  M. 

The  detail,  which  we  gave  of  the  process  of  concentration  in 
the  above  section,  corresponds  with  the  observations  of  Her- 
chel upon  the  comet  of  1811.  The  globular  nucleus  or  planet- 
ary body,  forming  a  centre  to  the  whole,  was  visible  by  its  own 
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light,  which  was  of  a  pale  ruddy  tint.  The  head  or  nebuloaa 
matter  sarroanding  the  nucleus,  was  nearly  globular.  The  nu* 
cleus  was  not  at  the  centre,  there  being  the  greatest  eiLtent 
towards  the  sun.  Its  light  was  of  a  greenish  or  bluish-green 
colour,  and  its  intensity  was  the  greatest  towards  the  centre  or 
aroond  the  nucleus.  An  atmosphere,  not  self-luminous,  but  so 
transparent  that  stars  were  visible  through  it,  surrounded  the 
head.  A  luminous  envelope  or  coma  surmounted  the  atmos- 
phere. Its  shape  was  partly  circular,  but  in  its  course  it  did 
not  extend  quite  half  round  the  head  of  the  comet  A  little 
before  it  came  so  far,  it  divided  itself  into  two  streams:  one 
passing  by  each  side  of  the  head,  and  extending  in  the  direc- 
tion of  the  tail,  seemed  to  inclose  it  on  each  side.  Its  light 
had  a  strong  yellow  cast.  The  colour  of  the  tail,  which  was  by 
far  the  most  brilliant  part  of  the  phenomenon,  was  a  bright 
white,  and  perfectly  resembled  the  milky  part  of  the  nebulo- 
sity of  the  nebula  in  Orion.     (For  dimensions,  see  page  14) 

Now  supposing  the  whole  comet  to  consist  of  nearly  the  same 
elementary  substances  that  compose  the  earth,  some  aeriform, 
some  fluid,  and  the  rest  solid,  but  most  of  them  in  a  state  of 
combustion  or  ignition,  that  is,  combining  and  concentrating. 
In  treating  of  the  simple  substances,  we  have  shewn,  that  each 
during  combustion  emits  light  of  a  colour  peculiar  to  itself;  we 
cannot  therefore  expect  that  the  light  of  the  comet  will  be  of 
a  uniform  colour.  The  nucleus  will  consist  of  substances  the 
most  condensed,  viz.  of  the  metals  or  of  their  oxides  about  to 
solidify  into  rocks.  These  being  in  a  state  of  ignition  will  emit 
a  red  light;  and  if  the  whole  be  in  a  state  of  fluidity,  as  it  most 
probably  is,  will  nevertheless  assume  the  globular  form,  which 
observation  proved  this  part  to  have.  The  head  of  the  comet 
will  be  the  place  wherein  the  gaseous  acids  will  arrange  them- 
selves, which,  uniting  with  the  metals,  or  the  metalloids  that 
keep  the  aeriform  state  at  a  less  temperature,  may  produce  that 
greenfsh  or  bluish  green  light  which  this  part  emits.  Around 
these  acids  or  aeriform  metalloids,  is  ranged  the  oxygen  gas  or 
a  mixture  of  gases  similar  to  that  of  our  atmosphere ; — its  lower 
part  copibining  with  the  more  weighty  aeriforms,  as  the  metal- 
loids, and  forming  oxides  or  earths  that  gravitate  towards  the 
npcleua,  forming  the  rocky  substances ;  and  its  upper  part  snr* 
mpunted  by  the  lightest  gases  as  the  carburetted,  the  phos* 
pburetted,  and  lastly,  the  pure  hydrogen. 
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When  at  the  greatest  visible  distance,  comets  seem  to  hare 
a  globular  form ;  but  advancing  towards  the  snn,  thej  begm 
to  shoot  oat  a  long  stream  of  light  called  the  tail,  which  in- 
creases in  length  till  they  arrive  at  the  perihelion,  when  it  at- 
tains its  maximum.  After  they  have  passed  the  perihelion,  it 
begins  to  contract,  till,  (as  was  the  case  with  that  of  IBll,) 
before  they  finally  disappear  they  regain  their  globular  form. 
The  predominating  electricity  of  the  solar  atmosphere  we  sup- 
pose to  be  the  positive;  and  bodies  during  combustion  emit 
with  the  flame  or  vapour  the  positive  fluid,  the  negative  re- 
maining with  the  uncombined  or  combining  materials.  The 
hydrogen  gas  of  the  cometary  envelope,  which  is  a  positive 
element,  will  also  in  this  case  be  positively  charged;  therefore, 
as  the  comet  approaches  the  sun,  the  hydrogen  gas  will  be 
repelled  in  the  direction  of  the  tail,  which  is  always  projected, 
whether  the  comet  is  advancing  or  receding,  in  a  direct  line 
from  the  sun. 

As  to  the  two  streams  spoken  of,  they  are  merely  optical 
deceptions,  occasioned  by  the  envelope  being  in  the  form  of  a 
hollow  hemisphere.  We  shall  therefore  in  the  middle  see  but 
its  depth,  which  is  only  about  68  thousand  miles ;  while,  looking 
through  it  past  each  side  of  the  atmosphere,  it  will  be  not  less 
than  four  times  that  thickness,  and  hence  will  give  us  the 
appearance  of  two  streams.  Plumes  of  light  were  also  observed 
to  shoot  periodically  from  some  parts  of  the  envelope;  hence  it 
was  supposed  that  the  comet  had  a  rotatory  motion  on  its  own 
axis. 

The  light  of  the  nucleus  or  head  of  the  comet  we  attribute  to 
ignition  and  combustion ;  and  that  of  the  envelope  or  coma, 
and  of  the  tail,  as  also  a  great  part  of  that  of  diffused  nebulosity, 
we  ascribe  to  the  uncombined  electric  fluids,  maintaining  a 
constant  aur&ra.  In  a  globular  nebula  the  external  part  must 
consist  of  matter  or  gases  in  the  highest  conceivable  tenuity, 
and  this  external  part  must  be  as  highly  charged  with  the  posi- 
tive fluid  as  it  is  capable ;  while  the  central  part  or  head  must 
be  equally  charged  with  the  negative ;  the  positive  will  therefore 
gradually  attract  the  negative,  and  combining  in  the  envelope 
or  coma,  they  will  maintain  a  constant  light  as  explained  in  a 
following  chapter  under  the  article  aurora  borealU.  When  the 
nebula  takes  the  wandering  state,  and  approaches  the  sun,  this 
external  gaseous  and  highly  charged  body  is  repelled  in  the 
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formation  of  the  tail,  but  the  combinatioii  of  the  two  fluids  ia 
not  intemipted.  Bat  as  the  tail  consists  of  gases  of  the  greatest 
tenuity,  while  those  forming  the  envelope  towards  the  sun  are 
more  dense^.this  may  account  for  the  light  in  the  former  case 
being  white,  while  it  is  yellow  in  the  latter. 

As  to  the  identity  of  comets,  Herschel  asserts  that  only  one 
has  been  recognized  in  its  return,  though  it  is  well  known  that 
at  least  500  have  been  seen ;  but  on  our  hypothesis  many  of 
these  may  be  returns  of  the  same,  which  must  every  time  pre- 
sent a  diflerent  appearance,  and  therefore  it  will  be  impossible 
to  recognize  them.  Now  the  first  time  a  comet  approaches  the 
sun,  the  combustion  will  be  the  greatest,  its  matter  being  the 
least  condensed,  it  will  then  be  the  most  luminous,  and  have  the 
most  extensive  tail.  The  comet  of  1811  was  probably  in  this 
state;  or,  its  perihelion  passage  in  that  year  may  be  considered 
as  the  first  Should  this  comet  visit  our  solar  system  a  second 
time,  its  nebulous  part  will  be  considerably  diminished,  and  the 
nucleus  enlarged,  the  combustion  will  be  much  less  intense, 
the  light  less  vivid,  the  head  smaller,  and  the  tail  considerably 
shorter. 

Such  we  may  conceive  to  be  the  state  of  the  comet  of  1812, 
the  tail  of  which  was  only  659  thousand  miles  in  length, 
although  the  diameter  of  the  nucleus  greatly  exceeded  that  of 
the  above  comet  After  another  perihelion  passage,  the  com- 
bustion of  the  comet  of  1812  may  therefore  be  expected  to 
cease:  it  will  have  attained  the  planetary  state,  and  will  be 
also  constrained  to  the  planetary  orbit.  Indeed,  of  this  comet 
Herschel  observes,  that  "  had  it  not  been  for  an  extremely  faint 
light  in  the  direction  opposite  the  sun,  it  would  hardly  have 
been  entitled  to  the  name  of  a  comet'^ 

But  he  conceives  that  a  comet  in  its  wanderings  may  come  in 
contact  with,  or  pass  through  nebulous  matter,  and  by  this 
means  may  obtain  new  accessions  to  its  envelope,  and  thus  its 
energies  and  combustion  will  be  renewed.  He  also  conjectures 
that  comets  may  gravitate  round  two  or  more  suns,  and  if  so, 
then  we  have  no  certainty  of  a  comet  that  has  once  visited  our 
system  ever  returning,  since  it  may  pass  into,  the  planetary  state 
and  attach  itself  to  some  other  sun,  and  become  a  member 
of  its  system,  ere  it  finds  its  way  back  to  ours.  Hence  the 
planetary  bodies,  which  compose  our  Solar  System,  including 
the  earth  itself,  may  have  been  comets  that  have  here  ceased 
firom  their  aberrations. 

2y 
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3.  THEORY  OF  GRAVITATION  AND  PLANBTARY  MOTION. 

We  consider  the  Heavenly  Bodies  as  vast  electrics,  not  th&t 
they  are  substances  merely  charged  with  electricity,  bnt  th^t 
every  atom  of  each  of  them  has  its  complement  of  inherent  or 
combined  electric  flaid,  and  that  it  is  the  aggregate  of  these 
fluids  in  each  mass,  which  gives  them  their  respective  motions. 

It  is  not  intended  in  this  theory  to  impugn  the  Newtonian 
philosophy  of  gravitation,  but  rather  to  attempt  an  explanation 
of  a  cause  whose  effects  it  so  satisfactorily  demonstrates.  Elec- 
tro-chemistry being  in  the  days  of  Sir  I.  Newton  unknown,  he 
could  have  nothing  but  conjectures  respecdng  the  cause  of 
gravitation,  and  it  is  wonderful  how  exacdy  in  conformity  with 
this  doctrine  his  conjectures  are.*  He,  towards  the  close  of 
life,  was  not  averse  to  the  idea  that  gravitation  might  be  carried 
on  by  the  intervention  of  a  subtile  fluid,  which  for  want  of  a 
better  term,  he  called  lltker.  This  subtile  fluid  we  aflirm  to  be 
Electricity.  But  whether  there  is  an  intervention  of  these  fluids 
or  they  exert  an  influence  at  a  distance,  which  seems  more  pro- 
bable,t  ^^  msiy  require,  as  Paley  conjectures,  a  sixth  sense  to 
enable  us  to  understand ;  and  must  class  it  along  with  the  doc- 
trine of  Spiritual  Influence,  which  it  seems  to  resemble  in  more 
particulars  than  that  of  its  being  beyond  the  limits  of  the  per- 
ceptive powers  of  our  present  five  senses. 

There  seems  to  be  an  internal  motion  among  all  the  celestial 
bodies.     Our  s)rstem  is  demonstrated  to  be  proceeding  towards 


*  *<  It  U  to  the  same  great  genius,  (says  Sir  H.  Davy),  wlio  devteloped  the 
laws  that  regi^Late  tlie  motions  of  the  heavenly  bodies,  that  chemistry  owes  the 
first  distinct  philosophical  elucidation  of  the  power,  which  produces  the  changes 
and  apparent  transmutation  of  the  substances  belonging  to  the  earth.  Sugar 
dissolve  in  water,  alkalies  unite  with  acids,  metals  dissolve  in  acids.  Is  not 
this,  says  Newton,  on  account  of  an  ATtRACTioN  between  tbdr  particles  ?  Cop- 
per dissolved  in  aqua^fbrtis  is  tinrown  down  by  iron.  Is  not  this  becaoK  Ifce 
piUrtides  of  faron  have  a  stronger  attraction  for  tiie  particles  of  the  acid  thn 
those  of  the  copper;  and  do  not  different  bodies  attract  each  other  with  different 
degrees  of  fbrce  ?" 

t  We  are  incUned  to  support  the  opinion  that  gravitation  exists  without  any 
intervention  of  flmd ;  rince  two  charged  or  electrified  bodies  exert  an  Influenbe 
on  each  other  at  a  distance  without  any  diminution  of  tiidr  cliarges ;'  and  fflag^ 
netic  bodies  lose  none  of  their  strength  or  intensity  by  ime. 
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the  constelUtion  of  Hercules.  Whether  this  is  a  kind  of 
planetary  motioD»  wherein  each  solar  system  acts  a  subordinate 
part  of  one  grand  system  in  the  universe^  or  a  revolutionary 
motion  of  the  whole  cluster  of  the  Milky-Way,  or  it  is  the 
general  effect  of  a  predominant  gravitation,  and  all  these  lumi- 
naries are  rushing  into  a  heap,  we  cannot  possibly  determine. 
It  is  enough  for  our  present  p\urpose  that  gravitatioi^  is  universal. 
With  respect  to  our  system  we  believe  the  sun  to  be  the  centre 
of  attraction;  that  both  the  sun  and  planets  are  composed  of 
negative  and  positive  materials,  and  perhaps  in  equal  propor- 
tions ;  that  there  is  a  determinate  quantity  of  each  electric  fluid 
inherent  in  each  individual  body,  which  mutually  act  as  the 
band  of  the  globular  mass ;  that  the  negative  and  positive  of  the 
Sim  attract  the  positive  and  negative  of  the  planets,  which  is  the 
eaUripetal  force;  and  that  the  centrifugal  force,  is,  the  repulsion 
existing  between  the  homogeneous  fluids  in  each  body. 

'<  Sir  I.  Newton  found,  that  when  a  convex  lens  was  put 
upon  a  flat  glass,  it  remained  at  the  distance  of  the  -xfyth  part 
of  an  inch;  that  a  very  considerable  pressure  was  required  to 
diminish  this  distance,  and  that  np  force  which  can  be  applied 
will  bring  them  into  actual  mathematical  contact  Other  philoso- 
phers have  shewn,  that  the  particles  of  no  body  whatever  are 
in  snch  contact ;  that  in  every  case  there  is  a  distance  between 
Ibem,  consequently  that  the  particles  of  all  bodies  repel  each 
other.  According  to  Boscovich,  the  atoms  of  which  all  bodies 
sure  composed,  are  mere  mathematical  points  destitute  of  exten- 
sion and  magnitude,  but  capable  of  acting  upon  each  other  with 
a  force,  ;¥hich  differs  in  intensity  and  in  kind,  according  to  the 
distance*  At  sensible  distances  the  force  is  aitraetive,  and 
diminishes  inversely  as  the  square  of  the  distance.  At  the 
amaUest  distances  the  force  is  repuUwe ;  it  increases  as  the  dis- 
tance diminishes;  and  at  last  becomes  infinite  or  insuperable,  so 
that  absolute  contact,  of  course,  is  impossible."  (Parkes'  Che- 
^oal  Catechism,  8th  £d.,  page  440.) 

Now  to  apply  the  above  to  gravitation  or  the  descent  of  fali- 
uig  bodies.  Suppose  a  small  stone  elevated  to  a  certain  distance 
above  the  earth's  surface,  it  will  descend  to  the  earth  (we  sup- 
foae  thtf  earth  stationary)  in  the  direction  of  the  centre  of  gravity. 
And  suppose  a  free  passage  to  the  earth's  centre,  the  stone 
would  not  descend  to  the  central  point  of  gravity,  but  would  be 
MpaUed  or  suspended  at  a  certain  distance  from  it.  Suppose 
ja)arger  stone  eleyated  to  an  indefinite  distance,  the  earth's 
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attraction  and  its  own  attraction  for  the  earth  would  bring  it 
from  a  greater  distance  than  the  former  wonld  be  brought  from, 
but  in  its  approach  to  the  earth's  centre,  it  would  not  go  so 
near  the  central  point  of  gravity  as  the  former,  because  as  its 
quantity  of  matter  is  greater,  and  its  attraction  extended  to  a 
greater  distance,  so  its  repulsion  would  take  place  at  a  greater 
distance  where  it  would  be  suspended.  We  might  next  suppose 
a  body  so  large,  that  the  point  whereat  the  attraction  and 
repulsion  balance  each  other,  shall  be  at  the  earth's  surface. 
One  a  little  larger  would  remain  at  a  distance  from  the  surface, 
or  would  revolve  round  the  earth;  our  next  step  might  be  the 
moon;  or,  removing  the  central  point  of  gravity  from  the  earth 
to  the  sun,  we  then  have  planetary  motion. 

The  action  and  reaction  of  the  sun  and  a  comet  are  exactly 
the  same  as  that  existing  between  two  mere  particles  of  matter. 
They  attract  each  other  when  at  a  certain  distance,  but  when 
within  that  distance  they  as  violently  repel  When  a  comet  is 
at  the  farthest  end  of  its  elliptical  orbit,  it  is  attracted  by  the 
sun;  and  this  attraction  is  such,  that  the  comet  acquires  a 
momentum  or  projectile  farce  that  carries  it  so  far  within  that 
point  at  which  the  attraction  and  repulsion  are  balanced,  thai 
the  action  of  repulsion  becomes  much  greater  than  the  action  of 
attraction  as  acting  at  one  time  ever  was.  At  the  moment  there- 
fore when  the  comet  is  nearest  the  sun,  being  driven  by  its 
acquired  momentum,  and  repelled  by  the  sun's  repulsion,  its 
matter  becomes  compressed  by  a  much  greater  force  than  that 
of  its  own  attraction  of  aggregation.  Hence  a  perihelion  pas- 
sage may  be  considered  as  a  concentration,  which  must  cause  a 
great  increase  in  the  emission  of  caloric,  and,  of  course,  of  the 
two  electric  fluids :  therefore,  comets  at  the  perihelion  invari- 
ably exhibit  a  very  sudden,  and  a  ver}  large  increase  of  splen- 
dor. It  should  be  remarked,  thai  comets,  being  supposed 
originally  at  rest  as  globular  nebulee,  will  by  reason  of  their 
coming  from  a  greater  distance  than  at  any  succeeding  time, 
acquire  the  greatest  velocity  at  the  first  perihelion  passage. 
They  will  not  recede  from  the  sun  to  their  original  distance, 
and  will  have  less  velocity  in  the  second  perihelion  passage, 
consequently  will  not  approach  so  near  to  the  sun :  their  ecceor 
tricity  diminishing  every  time,  till  they  have  no  more  than  the 
general  eccentricity  of  the  planets.^  Some  comets  are  supposed 
to  have  their  orbits  entirely  within  that  of  Uranus;  and  indeed 
there  is  reason  to  believe  that  at  least  two  of  the  asteroids,  vis. 
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C«res  and  Pallas,  were  bat  recently  comets,  since,  not  only 
are  their  orbits  Tery  eccentric,  but  both  of  them  are  surrounded 
with  a  little  nebulosity.  It  has  been  said  that  there  is  a  comet, 
or  perhaps  it  might  be  called  a  fifth  asteroid,  that  has  its  aphe- 
lion point  within  the  orbit  of  Jupiter.  Its  period  is  only  3^ 
years,  and  it  is  supposed  to  have  been  seen  in  the  years  1786^ 
1795,  1801,  1805,  and  1818. 

Now^  though  we  have  all  along  considered  the  electric  fluids 
the  cause  of  attraction;  yet,  we  by  no  means  consider  them  a* 
distiBct  from  matter,  or,  as  if  matter  by  being  divested  of  its 
electric  fluids  lost  weight  or  gravitating  power,  for  in  fact  the 
contrary  seems  to  be  the  case.  A  magnetised  bar  of  steel  is 
observed  io  lose  somewhat  of  its  weight,  the  same  has  been  ob- 
served with  respect  to  electrified  bodies,  and  a  common  aero- 
lite will  glide  a  long  way  across  the  earth's  surface  while  it 
retains  its  heat,  but  as  it  cools  it  descends  towards  the  earth, 
explodes,  and  precipitates  a  shower  of  stones.  The  most  dense 
bodies  (platina  always  excepted)  have  the  greatest  attraction 
for  heat  Now  the  most  dense  bodies  are  generally  such 
as  have  parted  with  the  greatest  number  of  definite  proportions 
of  the  electric  fluids;  and  as  the  attraction  of  gravitation  of  the 
earth  is  the  same  as  that  of  caloric,  so  it  will  exert  a  greater 
influence  on  these  exhausted  particles  than  on  the  other; 
though  the  difierence  on  account  of  the  small  quantity  that  man 
can  operate  on  may  not  be  ascertainable.  On  this  principle  we 
arrive  at  very  important  results  with  respect  to  astronomy,  viz. 
that  the  distances  of  the  planets  from  the  sun,  will  not  be  alto- 
gether according  to  the  bulk  and  quantity  of  matter  contained 
in  them,  but  according  to  that  and  their  want  of  concentration, 
or  the  fewness  of  the  definite  proportions  of  the  electric  fluids 
which  they  have  parted  with.  The  planets  at  the  greatest  dis^ 
tance  from  the  sun  may,  therefore,  have  the  least  density,  a 
conclusion  nearly  the  same  as  that  arrived  at  by  philosophers 
on  very  different  principles.* 


*  The  principle  on  which  the  density  of  the  sun  and  planets,  as  stated 
Ch^p.  IV.,  was  foand,  is,  as  follows.  The  moon  is  moved  round  the  earth 
with  a  certain  velocity,  and  retained  in  her  orbit  by  the  earth's  attraction.  The 
tame  most  be  the  case  with  the  other  primary  planets  and  their  satellites.  The 
neareat  of  Jupiter's  satellites  is  about  the  same  distance  from  him  that  our 
moon  is  from  the  earth.  If  the  mass  of  Jupiter's  satellite  equalled  that  of  the 
mooo,  and  mo?ed  with  the  same  velocity,  it  would  be  conduded  that  Jupiter 
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Now  Mercury's  greater  density  will  be  owing  to  hit  haTing 
been  formed  of  a  nebnla,  at  a  mucb  greater  distance  from  tlie 
sun  than  any  other  of  the  planets  of  our  system.  Consequently, 
coming  from  a  greater  distance  thaii  any  of  them,  his  momentum 
would  be  the  greatest;  he  would  at  his  perihelion  passage 
approach  much  nearer  the  sun,  and  would  suffer  a  proportion- 
ately much  higher  concentration.  He  would  therefore  longer 
continue  his  cometary  eccentricity;  and,  of  course,  be  subject 
to  more  concentrations  than  the  other  planets.  And  supposing 
the  sun  not  to  be  the  only  body  formed  from  the  primitiFe  nebu- 
losity, but  that  one  or  more  of  the  planets  were  formed  at  the 
same  time; — The  Jcnown  proportional  density  will  lead  us  to 
determine  which  of  these  planets  were  thus  formed;  or  rather, 
which  of  them  was  the  nearest  nebula  to  that  of  which  the  sua 
was  formed.  Several  circumstances  point  out  Saturn  as  the 
one  that  was  the  nearest,  and  consequently  suffered  the  least 
concentration  from  perihelion  passages:  he  has  not  only  the 
least  density  of  any  of  the  bodies  of  our  system,  but  his  double 
ring  and  belts  indicate  a  deficiency  of  concentration  at  the  time 
of  his  formation. 

This  theory  of  gravitation  and  planetary  motion  is  the  same 


and  the  earth  possess  the  force  of  attraction  in  the  same  degree.  Now  the  bdk 
of  Jupiter  is  1400  times  that  of  the  earth,  and  therefore,  were  his  deantf 
equal  to  the  earth's  dennty,  and  the  moon  and  satdlite  equal,  the  motkm  of 
the  satellite  should  be  1400  timet  swifter  than  that  of  the  nnoon :  whereas  it  is 
only  16  times.  They  calculated  therefore  that  the  specific  gravity  of  Jupiter 
is  fl^ut  4  times  less  than  that  of  the  earth.  And  pursuing  the  calculation  with 
the  known  density  of  the  earth,  with  respect  to  the  sun  and  primary  planets, 
they  have  obtained  the  foUowing  results :  taking  water  as  the  standard  or  I 
the  spedfic  gravity  of  the  Sun  is  1^.  Mercury  9 J.  Venus  5|.  Earth  4|. 
Mars  3^.    Asteroids  nearly  2.  Jupiter  1^    Satnm  ^    Uranus  I. 

The  dennty  of  the  earth  was  found  by  the  deflection  of  a  plumb-line  canted 
by  the  attraction  of  the  mountain  Scheballien  in  Scotiand.  Having  selected  a 
fixed  star  in  the  zenith,  they  suspended  a  piece  of  lead  as  near  the  predpice  as 
convenient,  which,  by  the  attraction  of  the  mountain  mass^  was  deflected  to  a 
certain  degree  from  the  perpendicular.  They  tried  with  the  same  star  in  the 
seiuth  on  the  opposite  side,  (the  fixed  star  haWng  no  parallax  it  wolild  be  la 
the  senith  on  each  nde,)  and  obtained  a  similar  result.  Now  the  mountun  is 
composed  of  granite,  whose  specific  gravity  it  about  3^ ;  so  that,  they  detenmned 
that  of  the  earth  to  be  about  4h  at  above  stated.  But  later  and  repeated  trials 
gcrt  a  retda  of  somewhat  above  5,  as  the  earth's  specific  gnvity;  to  that,  the 
Mn  and  cadi  of  the  phMMtt  win  Uve  a  density  proportioiMt^  gntttr  than 
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if  we  extend  it  to  primary  planets  and  their  satellites;  viz,  that 
according  to  the  quantity  of  matter,  and  their  respective  den- 
sities will  he  their  distances  from  each  other.  Hence,  though 
the  bodies  of  our  sytem,  should  he  a  little  dragged  from  their 
stations;  yet,  they  would,  when  that  disturbing  force  ceased, 
regain  their  present  orbits.  And  should  a  comet  approach  us» 
we  need,  perhaps,  be  under  no  apprehension  of  its  striking  the 
earth»  or  of  its  annoying  us  with  its  tail.  It  might  affect  the^ 
aarth^s  motion  or  probably  make  some  alteration  in  the  bed  of 
the  ocean,  but  such  would  be  its  projectile  force  or  the  momen- 
tum given  it  by  the  sun,  that  the  earth  would  hardly  arrest  its 
progress,  and  attach  it  to  itself  as  a  satellite;  nor  could  it 
nm  away  with  the  earth  as  a  satellite,  since,  were  its  bulk 
large  enough,  it  would  by  the  sun  be  kept  at  a  sufficient 
distance  beyond  the  earth's  orbit.  The  comet  of  1811  would 
contain  considerably  less  matter  than  the  moon,  yet  with  its 
great  momentum,  it  did  not  approach  nearer  the  sun  than  97 
millions  of  miles,  that  of  1812  did  not  advance  nearer  than 
164  millions;  while  that  of  1680,  which  seems  to  have  had  the 
greatest  velocity  of  aoy  on  record,  was  at  its  perihelion  not  mon 
than  190,000  miles  from  the  solar  surface.  Dr.  Halley  supposed 
its  greatest  distance  to  be  not  less  than  13,000  millions  of  miles. 

However  it  is  possible  to  suppose  that  the  matter  in  a  comet 
nay  be  so  small  as  to  be  attracted  to  the  earth,  but  it  would 
0nly  be  in  die  form  of  a  fiery  meteor,  and  meteors  and  meteoric 
atones,  or  a^^ites  have  been  accounted  for  in  a  much  less  pro- 
bable manner.  Should  a  comet  be  of  such  magnitude  as  to  have 
its  balancing  point  of  attraction  and  repulsion  at  a  short  dis- 
tance from  the  earth's  surface,  it  would  pass  the  earth  as  a  fiery 
meteor,  some  of  which  Sir  H.  Davy  supposes  to  encircle  the 
earth  in  very  eccentric  orbits.  (See  meteors  and  fire  balls. 
Chap.  XVI).  That  some  comets  contain  very  little  matter  ts 
evident,  from  its  being  related  that  one  in  1454  eclipsed  the 
moon;  and  another  in  1770  passed  either  very  near  or  through 
the  satellites  of  Jupiter;  jet^  in  neither  case  was  there  any 
confusion  produced  in  the  motion  of  the  neighbouring  planeii. 
And  Sir  W«  Herchel  mentions  five,  as  seen  by  his  sister,  whidh 
-were  mere  luminous  vapours. 

The  nature  of  planetary  motion  is  such  as  to  place  it  beyend 
ihe  possibility  of  proof  by  direct  experiment  The  foHowing 
experiments^  which  are  detailed  in  the  *'  Encydopedia  P^i^ 
theoMa,"  under  **  Electricity,"  may,  perhaps,  somewhttt  Sltrn^ 
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trate  it  On  tbe  knob  of  a  prime  condnctor,  snspend  six  or 
geven  concentric  metallic  hoops  of  different  sizes,  as  nearly  as 
convenient  to  correspond  with  the  orbits  of  the  different  planets. 
Beneath  these  hoops  and  at  the  distance  of  about  half  an  inch, 
place  a  metallic  plate,  upon  which  and  within  each  hoop,  place 
finely  blown  glass  bubbles  to  represent  the  planeta.  Then 
cbarge  the  conductor,  and  the  bubbles  will  begin  to  revoke 
round  the  hoops.  Should  the  charge  be  strong,  the  bubbles 
will  sometimes  leap  from  the  hoops,  and  they  will  then  be  seen 
to  revolve  on  their  own  axes.  Should  the  experiment  be  per- 
formed in  the  dark,  the  bubbles  will  be  luminous.  The  experi- 
ment, which  we  select  as  being  illustrative  of  the  motion  of  the 
secondary  planets,  seems  more  to  the  purpose.  Take  a  cork 
ball  and  cut  it  into  two  hemispheres,  then  scoop  out  each  like  a 
bowl,  and  join  them  together  again  with  a  little  paste.  Suspend 
this  hollow  ball  by  a  silken  thread  of  about  thr^e  or  four  feet  in 
length  and  let  it  touch  the  knob  of  a  prime  conductor.  Then 
charge  the  knob  and  the  ball  will  leap  off.  But  should  a  candle 
be  placed  a  little  way  from  the  ball,  so  as  to  form  a  line  with  it 
and  the  knob,  the  ball  will  begin  to  move  at  a  distance  round  the 
knob,  not  in  a  circle,  but  in  an  irregular  ellipsis  similar  to  the 
lunar  orbit.  To  these  experiments  may  be  added  some  of  those 
hit  upon  by  Mr.  Faraday  and  Sir  H.  Davy  in  Electro-magnet- 
ism, which  prove,  that  the  electric  energies  in  two  bodies  freely 
suspended  or  as  near  as  may  be  under  such  circumstances  as 
the  sun  and  planets,  will  cause  them  to  revolve  round  each  other. 
(See  sec.  7). 

4.  THEORY  OF  LIGHT  AND  HEAT. 

There  are  two  theories  of  the  origin  and  nature  of  light  and 
heat,  supported  by  philosophers  of  the  present  day:  the  one, 
that  they  consist  of  two  distinct  kinds  of  particles  accompanying 
each  other  from  the  sun,  or  separating  from  bodies  during 
combustion;  the  other ^  that  they  are  mere  motion  communicated 
to  matter.  Perhaps  the  true  theory  may  embrace  the  union  of 
both.  But  till  we  have  some  mode  of  language,  by  which  we 
can  render  the  nature  and  transmission  of  the  electric  fluids 
more  tangible  by  the  understanding,  and  shew  how  attraction 
acts  at  a  distance,  without,  as  far  as  we  at  present  know,  any 
material  medium;  ako  develope  the  lays  of  crystallization  or  the 
polarization  of  matter;  we  may,  perhaps,  despair  of  seeing  a 
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dieory  of  ligbt  and  heat,  that  will,  in  all  parts  bear  the  test  of 
ft  rigid  demonstration. 

Heat.  All  matter  is  essentiallj  combined  with  the  two  electric 
flnidsy  which  form  the  band  that  holds  the  original  particles  of 
all  bodies  together.  Now  the  greater  the  quantity  of  caloric 
given  ont  by  the  chemical  combination  of  the  elementary  sah* 
stances  in  any  body,  or,  the  more  the  electric  principle  is 
detached  from  the  original  particles,  the  more  closely  they 
unite,  and  the  greater  is  the  specific  gravity  of  that  body.  It 
is  also  found,  that  the  greater  the  density  of  any  body,  the  more 
rapidly  does  it  imbibe  heat;  that  is,  the  less  of  ttie  electric 
fluids  inherent  in  it,  the  greater  attraction  has  it  for  them  in  the 
calorific  combination.  Again :  whatever  the  density  of  a  sub« 
stance  may  be,  it  is  always  diminished  by  the  presence  of  heat 
and  increased  by  its  absence.  Suppose  a  substance  entirely 
deprived  of  caloric,  or  to  contain  no  portion  of  the  electric 
fluids  except  what  is  inherent  in  the  original  particles ;  then, 
that  substance  would  be  at  its  ultimatum  of  specific  gravity,  or 
greatest  diminution  of  bulk ;  at  the  utmost  limits  of  cold,  or 
would  then  possess  the  greatest  attraction  for  heat  Now  every 
new  accession  of  heat  increases  its  bulk ;  and,  therefore,  its 
particles  must  recede  from  each  other,  till  they  lose  their 
mutual  attraction  and  become  repulsive :  for  solids  are  first  con- 
verted into  fluids,  and  afterwards  become  aeriform  or  gaseous. 
Hence  it  appears,  that  the  elementary  particles  take  in  their 
full  complement  of  their  respective  electric  fluids,  and  that 
caloric  produces  its  effects  on  matter  by  first  combining  with 
the  original  particles,  and  then  subjecting  them  to  certain  laws. 
For  it  seems,  the  two  opposite  fluids,  when  they  approach  at 
and  above  a  certain  degree  of  concentration,  do  not  remain  at 
rest,  but  commence  a  peculiar  motion ;  and  that,  even  when 
they  are  combined  with  or  are  inherent  in  their  pwn  elementary 
substances  above  a  certain  proportion,  they  possess  the  same 
tendency  to  motion,  notwithstanding  this  load,  as  when  alone. 
The  original  particles  of  every  substance,  therefore,  under  the 
influence  of  caloric  being  evidently  in  motion,  this  motion  must 
be,  in.  the  words  of  Sir  H.  Davy,  '^  a  vibratory  or  undulatory 
motion,  or  a  motion  of  tiie  particles  round  their  own  axis,  or  a 
motion  of  particles  round  each  other.'' 

"  It  is  possible  to  account  for  the  phenomena  of  heal,''  he 
farther  observes  ''if  it  is  supposed  that  in  solids  the  particles 
are  in  a  constant  state  of  vibfatory  motion,  the  particles  e£  the 
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hottest  bodies  moving  with  the  greatest  velocity,  and  through 
the  greatest  space;  that  in  Quids  and  elastic  fluids,  besides  the 
vibratory  motion,  which  must  be  conceived  greatest  in  the  last, 
the  particles  have  a  motion  round  their  own  axis  with  different 
velocities,  the  particles  of  elastic  fluids  moving  with  the  greatest 
quickness;  and  that  in  ethereal  substances  the  particles  move 
round  on  their  own  axis,  and  separate  from  each  other  pene- 
trating in  right  lines  through  space." 

Light,  Light  and  heat  both  proceed  from  the  combination 
of  the  two  electric  fluids;  and  the  intensity  of  light  is  always 
proportionate  to  that  of  heat;  so  that,  the  light  produced  from 
the  galvanic  apparatus,  and  by  a  stream  of  oxygen  gas  upon  a 
piece  of  ignited  charcoal,  which  are  considered  the  greatest 
concentrations  of  heat,  is  too  vivid  for  the  eye  to  look  upon. 
Also  if  four  lamps  be  placed  so  near  that  their  flames  unite  in 
one  blaze,  they  will  emit  as  much  light  as  six  would  do  burning 
with  separate  flames;  the  heat  by  their  flames  uniting  being  so 
much  the  more  intense. 

We  have  already  shown  Chap.  VIII.  s.  4.  that  the  solar 
rays,  and  it  is  the  same  with  the  rays  from  all  combustion, 
when  made  to  pass  through  a  prism  are  refracted  and  decom- 
posed. The  lowest  or  least  refracted  rays  produce  heat,  but 
no  light  or  colour;  and  in  the  middle  are  the  rays  of  colour, 
which,  being  blended  together,  are  the  rays  of  light,  but  which 
form  heat  also ;  and  that  beyond  the  rays  of  colour,  are  rays 
called  the  de-oxygenyzing  rays.  Sir  W.  Herschel  ascertained 
by  thermometers  placed  in  the  different  rays,  that  the  rise  of 
temperature  in  each  clasn  is,  as  follows :  the  calorific  rays  9, 
the  red  7,  the  green  5,  and  the  violet  2. 

Sir  I.  Newton  supposed  these  effects  might  be  produced  by 
a  difference  in  the  size  of  the  molecules  of  light ;  and  later 
philosophers  have  discovered,  that  the  rays  at  the  violet  side  of 
the  spectrum  produce,  to  a  certain  degree,  all  the  same  effects 
as  negative  electricity;  and,  on  the  contrary,  those  on  the 
calorific  side,  the  same  as  the  positive  fluid.  The  new  or  white 
muriate  of  silver  is  rendered  black  in  all  the  rays  of  colour,  but 
this  is  effected  by  the  violet  in  fifteen  minutes,  whereas  the  red 
rays  requires  twenty  minutes,  to  produce  the  same  effect ;  and 
in  the  rays  beyond  the  red  its  whiteness  is  partly  restored. 
Phosphorus  is  inflamed  by  the  red,  and  extinguished  by  the 
violet ;  the  yellow  colour  of  guaiacum  is  changed  to  green  in  the 
redf  and  its  proper  colour  is  restored  by  the  violet;  and  in- 
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flammability  is  prodaced  in  vegetables  by  tbe  rays  at  the 
red  side  of  the  spectrum,  bat  no  coloar;  and  colour  is 
prodaced  in  them  by  the  rays  of  the  violet  side,  but  no  in- 
flammability. 

All  solid  substances,  especially  such  as  are  crystallized,  have 
a  peculiar  arrangement  of  their  original  particles,  occasioned 
by  the  polarities  of  their  integrant  molecules  as  they  solidify, 
(see  page  80(1).  The  rays  of  light,  therefore,  in  passing  through 
such  substances  must  be  variously  affected.  \¥hon  they  pervade 
the  atmosphere  and  water,  which  are  not  solidified,  or  not  under 
the  influence  of  the  attraction  of  cohesion,  they  are  merely 
refracted.  But  when  a  ray  traverses  certain  crystallized  sub- 
stances, as  a  rhomboid  of  calcareous  spar,  or  a  series  of  parallel 
plates  of  glass,  it  becomes  divided  into  two  points,  or  rays,  and 
the  light  is  then  said  to  be  polarized. 

One  of  these  rays  is  according  to  the  ordinary  refraction,  as 
when  it  passes  through  water,  having  a  relation  to  the  angle  of 
incidence ;  but  the  other  is  according  to  the  axis  of  crystalli- 
sation. If  the  incidental  ray .  is  parallel  or  perpendicular  to 
this  axis,  there  is  but  the  one  ordinary  ray ;  but  should  they 
form  any  angle  except  the  right  angle,  the  ray  of  extraordinary 
refraction  is  exhibited  at  an  angle  with  the  other  ray  greater  or 
less  according  to  the  angle  formed  by  the  incidental  ray  and 
axis  of  polarization. 

When  light  is  thus  polarized  by  passing  through  a  doable 
refracting  rhomboid  of  calcareous  spar,  and  the  rays  are  caught 
by  a  second  rhomboid,  whose  axis  of  crystallization  is  parallel 
to  that  of  the  first,  they  pass  on  without  molestation  ;  but  if  the 
axes  are  not  parallel,  each  ray  is  again  separated  into  two. 
The  utmost  limits  of  this,  is,  when  the  second  crystal  is  turned 
so  far  round,  that  the  axes  make  an  angle  of  45  degrees ;  but 
should  it  be  turned  till  the  angle  is  90  degrees,  then,  the  two 
rays  continue ;  only^  that  which  was  ordinarily  refracted  by 
the  first  is  extraordinarily  refracted  by  the  second,  and  vice 
versA  the  same  with  the  other. 

Polarization  may  also  be  effected  from  reflecting  surfaces : — 
different  substances  requiring  different  angles  of  the  incidental 
ray:  that  of  glass  is  36deg.  Again  if  a  ray  of  polarized  light 
is  made  to  pass  through  a  thin  leaf  of  mica  or  selenite,  and  be 
decomposed  by  a  rhomboid  of  double  refracting  spar,  the  two 
rays  will  reflect  two  images  of  different  colours,  which  being 
again  blended,  produce  the  common  white  light.    The  rays  on 
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entering  the  mica,  penetrate  entire  to  a  certain  depth;  bat  at 
different  depths  according  to  the  different  coloured  particles, 
they  begin  to  have  the  appearance  of  oscillating  like  the  balance  of 
a  watch.  And  the  velocity  of  these  oscillations  is  the  least  among 
the  red  particles^  and  commences  at  the  greatest  depth ;  and  b 
the  greatest  among  the  violet,  and  commences  at  the  least  depth. 
Hence  it  appears  that  the  rays  at  the  violet  side  of  the  spec- 
trum, are  more  impeded  in  passing  through  certain  media,  than 
those  at  the  red  side. 

Though  white  light  consists  of  a  mixture  of  all  the  colours; 
yet,  taken  separately,  there  is  more  light  in  those  of  the  red 
side  of  the  spectrum,  than  in  those  of  the  violet ;  however  the 
yellow  rays  afford  the  most,  that  is,  a  book  may  be  read  at  a 
greater  distance  with  the  li^t  of  the  yellow  vays,  than  with 
that  of  any  of  the  rest  But  Ute  red  rays  are  the  strongest  or 
most  penetrating;  for  in  media  that  can  be  the  moat  dimly  seen 
through^  the  light  always  appears  red. 

3X«4M3f.— Since  we  find  light  and  heat  proceeding  in  direct 
lines  tbroAigfa  space,  and  haviiig  intemaUy  highly  repulsive  pro- 
perties, also  giving  motion  t^  particles  and  rendering  them 
highly. repulsive;  and  as  the  sun  and  planets  have  no  other 
motion  than  what  is  Oiccasioned  by  their  electric  energies^  may 
we  not  suppose  that  the  unmolested,  direct  and  internal  motion 
of  light  and  heat  is  identical  with  that  of  planetary  motion?  The 
sun  with  all  his  attendants  Is  proceeding  in  a  direct  line  towards 
the  constellation  of  Hercules,  in  like  manner  the  rays  of  light 
and  heat  always  penetrate  in  direct  lines  through  space*  The 
planets  are  stationed  at  certain  distances  from  the  sun  and  from 
each  other,  within  which  disianee,  we  suppose  the  centrifugal 
force  would  be  much  increased;  now,  at  the  place  or  focus 
where  light  and  heat  are  concentrated  or  generated,  may  we  not 
suppose  thai  the  moleculeanre  under  the  same  condition  as  the 
sun  and  comets  or  planets  at  the  perihelian,  and  that  the  repulr 
sion  or  the  effect  of  caloric,  as  stated  in  the  second  paragraph 
of  this  section,  is  a  mere  struggle  of  the  centrifii^  force  ? 
MVith  Newton  we  thereforo  suppose  the  solar  rays  to  consist  of 
molecules  differing  in  size,  the  largest  or  suns  penetrating  in 
direct  lines  through  space  and  revolving  on  their  own  axes, 
having  therefore  a  direct  and  rotatory  motion;  while  the  smaller 
or  planets  revolve  round  them,  and  also  on  their  own  axes, 
having  a  rotatory  and  revolutionary  motion*  But  that  the 
molecules  of  light  and  heat  produce  dieir  effects  by  communis 
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eating  motion  to  mattor,  is  evident  from  this ;  viz,  electricity 
produces  no  light  when  dbcharged  tf»  vacuo.  And  of  course, 
since  there  is  nothing  to  receive  the  caloric,  it  produces  none 
of  its  effects,  and  therefore  we  may  say,  it  produces  neither 
light  nor  heat  In  this  we  combine  the  two  theories ;  vis.  light 
and  heat  consist  of  two  distinct  kinds  of  particles  emanating 
from  the  sun  or  bodies  during  combustion ;  but  these  particles 
produce  their  effect  by  communicating  motion  to  matter. 

Among  the  corroborating  circumstances  of  this  hypothe- 
sis, is,  the  appearance  of  a  polarised  ray  when  made  to  pass 
through  a  leaf  of  mica,  which  seems  to  diminish  the  velocity  so 
much  as  to  enable  us  to  detect  the  nature  of  the  internal  motion. 
The  violet  rays  appear  to  oscillate  like  the  satellites  of  Jupiter 
when  viewed  through  a  telescope  of  small  power,  or  as  4he 
bodies  of  our  solar  system  would  appear  to  do,  if  they  were 
viewed  by  a  spectator  placed  at  a  certain  distance  beyond  the 
orbit  of  Uranus.  Besides,  as  both  the  sun  and  planets  revolve 
on  their  own  axes,  the  calorific  rays,  as  may  be  judged  from 
the  appearance  of  the  red  in  the  mica,  revolve  much  less  rapidly 
dian  the  violet,  bearing  the  same  proportion  that  the  sun  does 
to  the  planets :  for  none  of  the  planets  are  much  above  24  hours 
in  performing  one  revolution  while  the  sun  is  610  hours. 

The  larger  particles  or  suns  we  therefore  consider  as  the 
calortffc  rays,^  the  smaller  revolving  round  them  or  planets  the 
cause  of  light  and  colour,  but  alone  ^ey  produce  only  chemical 
effects.  Now  in  passing  through  the  prism  the  solar  beam  is 
partially  decomposed,  the  planets  to  a  certain  degree  are  sepa- 
rated from  the  suns ;  so  that,  the  suns  alone  are  the  calorific 
rays  below  the  red,  and  their  temperature  is  9.  \¥e  shall  say 
then  that  the  calorific  rays  contam  9  suns  and  no  planets.  The 
tamperature  of  the  red  is  7,  Or,  the  red  rays  contain  7  suns  with 
some  planets  :  that  of  the  green  is  5,  or,  the  green  rays  contain 
6  SUBS  and  more  planets;  and  that  of  the  violet  2,  or  two  suns 
with  a  greater  proportion  of  planets ;  while  the  rays  beyond  the 
violet  produce  no  ascertainable  increase  of  temperature  and 
therefore  are  planets  with  few  or  no  suns.  But  the  calorific 
rays  produce  effects  similar  to  those  of  positive  electricity, 
while  the  deoxygenising  rays  are  like  to  those  of  the  negative. 
From  this  we  infer  that  each  sun  is  surrocmded  by  an  atmosphere 
of  positive  electricity,  and  each  planet  by  one  of  the  negative 
fluid,  and  in  this  respect  also  they  resemble  the  heavenly  bodies. 
From  these  premises  may  possibly  he  deduf;ed  all  the  pheno^ 
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mena  of  light  and  heat,  except  refraction  and  polariiationy 
which,  depending  on  the  polarities  of  the  original  molecoles  of 
matter  as  stated  Chap.  XII.  s.  15,  cannot  in  the  present  state 
of  the  science  be  developed. 

The  suns  are  therefore  the  largest,  and  are  what  move. in  a 
direct  line  taking  the  planets  along  with  them,  and  being  posi- 
tive they  penetrate  those  substances  wherein  the  negative  fluid 
is  predominant  more  readily  than  the  other;  that  is  they  per- 
meate glass,  and  are  reflected  by  the  metals ;  hence  all  earthy 
substances  especiallj;  those  of  a  black  or  dark  colour  attain  a 
much  higher  temperature  when  exposed  to  the  solar  rays,  than 
combustible  or  white  substances ;  and  in  transparent  substances 
the  more  the  positive  elements  prevail  the  greater  the  power  of 
refraction,  so  that  Newton  concluded  the  diamond  to  be  a 
combustible  from  its  great  refrangibility.  Bright  and  polished 
metals,  that  is,  such  as  contain  no  oxygen  on  their  surface  and 
reflect  the  rays  parallel,  are  the  principal  reflectors  of  light,  and 
it  is  supposed  by  philosophers,  that  reflected  light  never  touches 
the  reflecting  surface,  but  is  repelled  when  at  a  certain  distance, 
in  the  same  manner  as  a  comet  with  all  its  momentum  never 
reaches  the  solar  surface.  Diamond  differs  in  one  respect  from 
all  other  combustibles,  for  they  all  become  negatively  electrified 
by  friction,  but  diamond  whether  polished  or  rough  always 
becomes  positive.  May  not  therefore  the  unconunon  splendor 
of  the  diamond,  in  some  measure,  depend  upon  this  peculiarity, 
viz.  it  permits  the  positive  suns  to  enter,  but  being  a  combusti- 
ble the  negative  planets  gain  admission  also; — the  molecules  of 
light  are  therefore  concentrated  in  the  diamond,  but  by  reason 
of  the  positive  fluid  being  predominant  in  its  original  particles, 
the  suns  do  not  become  latent  or  enter  into  the  calorific  combi- 
nation, but,  after  the  diamond  is  saturated,  are  repelled  as  from 
a  focus  with  an  increase  of  velocity  ?  Hence  this  gem  appears 
as  a  blaze  of  light  A  diamond  while  exposed  to  the  full  rays 
of  the  sun,  was  covered  up  with  black  wax,  and  when  opened 
some  years  afterwards  in  the  dark,  emitted  light 

Charcoal  contains  very  little  oxygen  as  to  its  mass,  bnt 
attracting  oxygen  rapidly  into  its  pores,  it  presents  a  perfectly 
oxygenized  surface.  Now  the  oxygen  on  the  surface  of  char- 
coal is  not  chemically  combined,  and,  therefore,  it  contains  its 
frdl  complement  of  inherent  electric  fluid.  Recently  dyed  sub- 
stances generally  become  much  darker  coloured  by  exposure  to 
the  air,  when,  like  charcoal,  they  imbibe  oxygen.    Also  when 
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a  piece  of  polished  steel  is  slightly  heated  on  one  edge,  the  ex- 
tremities of  the  increase  of  temperature,  after  heing  cooled 
and  exposed  to  the  air,  exhibit  the  prismatic  colours,  the  violet 
being  next  the  heated  edge,  which,  on  account  of  its  tempera- 
ture, imbibed  the  most  oxygen.  Such  substances  may  therefore 
permit  the  suns  to  enter,  ^hen  the  planets,  being  negative,  are 
repelled.  Now  as  oxygen  exists  on  the  surfaces  of  substances, 
as  on  charcoal  and  some  substances  dyed  black,  with  all  its 
electric  energies  :  and  in  the  composition  of  other  substances, 
having  parted  with  various  proportions  of  its  electric  fluid,  the 
solar  rays  on  entering  such  substances  must  be  decomposed  in 
an  infinite  variety  of  way«  some  being  absorbed  and  others 
reflected : — hence  the  origin  of  colours.  But  from  combustible 
substances  purified  from  this  adventitious  oxygen,  they  are 
nearly  all  reflected :  if  the  surface  be  polished,  it  is  bright  from 
the  rays  being  reflected  parallel :  if  rough,  as  the  fracture  of 
metals  or  the  surface  of  white  paper,  it  is  merely  white,  from 
the  reflected  rays,  (not  being  parallel),  confusedly  crossing 
each  other. 

Charcoal  will  admit  all  the  suns,  so  that  the  revolutionary 
motions  of  the  planets  will  cease,  or  if  reflected  to  the  eye  they 
will  make  a  faint  impression,  wanting  suns  to  give  them  energy. 
Distilled  water  efiects  the  rays  of  light  partly  in  the  same  man- 
ner as  Diamond ;  but  sea  water,  on  account  of  the  salt  which  it 
contains,  reflects  the  rays  from  the  middle  of  the  spectrum  or 
the  bluish  green.  The  atmosphere,  except  when  clouds  inter- 
vene, is  on  the  same  principle  as  the  diamond ;  the  rays  are 
concentrated  in  it,  being  negative  the  suns  are  enabled  to  pene- 
trate it,  taking  their  planets  along  with  them,  whose  revolu- 
tionary velocities  are  accelerated  by  the  repulsion  of  the  nega- 
tive medium.  But  the  colour  of  the  atmosphere  itself  is  blue. 
In  ^ense  media,  as  solids,  that  contain  much  oxygen,  the  calori- 
fic rays  penetrate  alone,  hence  there  is  sometimes  much  heat 
but  no  light  emitted,  and  if  they  possess  a  very  small  degree  of 
translncency,  the  light  viewed  through  them  always  appears 
red,  these  being  the  strongest  or  containing  the  most  suns. 
The  reverse  of  this  ought  to  take  place  in  very  small  apertures 
in  metallic  substancei^ ;  these  should  permit  light  to  pass  and 
not  the  largest  of  the  suns  or  calorific  rays :  hence,  perhaps, 
the  efiicacy  of  Sir  H.  Davy's  Safety  Lamp. 
.  The  different  effects  produced  by  the  molecules  of  light  and 
heat  may  therefore  be  thus  stated.    Those  of  beat  combine  with 
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the  original  particles  of  matter  and  give  them  their  repulsive 
energy:  hence  they  possess  a  decomposing  property  cansuig 
the  particles  to  have  a  vibratory  and  lastly  a  progressive  motion. 
The  molecules  of  light  produce  their  effects  by  being  near  to  the 
suns  which  give  them  motion,  consequently  light  and  heat  are 
proportionate ;  for  the  more  suns  the  more  heat  there  must  be 
and  the  nearer  also  must  they  be  to  each  other,  and  conse- 
quently the  greater  will  be  the  velocity  of  the  planets.  Uenoe 
friction  or  com  pressure,  by  bringing  the  latent  caloric  within 
the  repulsive  limits  must  resuscitate  its  repulsive  properties  and 
put  it  in  motion  or  produce  heat  But,  though  we  have  thus 
endeavoured  to  develope  the  cause  of  light;  yet,  its  eSects  must 
be  principally  sought  for  in  the  impression  made  on  the  organs 
of  sight;  (for  which  see  Chap.  XX.) 

6.  THB  SUN. 

Sir  Isaac  Newton  supposed  the  sun  to  be  a  g^obe  of  fire, 
but  Sir  W.  Herschel  ascertained  it  to  consist  of  a  dark  opaque 
body  with  a  luminous  atmosphere.  In  this  atmosphere  are 
suspended  two  strata  of  clouds;  that  next  the  sun  being  more 
compact  than  the  other,  and  not  self-luminous ;  the  oAer  one 
luminous,  very  irregular,  uncompact,  or  corrugated,  and  per- 
mitting us  everywhere  to  see  durough  its  corrugations.  He 
supposes  the  utmost  limits  of  the  atmosphere  or  of  the  luminous 
stratum  to  be  not  less  than  1843,  nor  more  than  2765  miles  hi^ 
or  distant  from  the  solar  surface ;  and  that  the  inner  stratum  is 
of  a  planetary  nature,  and  serves  to  shield  the  body  of  the  sun 
from  the  direct  rays  of  the  self  luminous  stratum.  Taking  the 
direct  rays  transmitted  from  the  luminous  stratum  to  the  earth 
at  1000,  he  calculates  that  the  inner  stratum,  where  we  are 
permitted  to  view  it  through  an  opening  of  the  outer,  reflects 
469  rays  to  the  earth;  and  that  the  dark  body  of  the  sun,  when 
viewed  through  an  opening  of  both,  strata,  reflects  only  from  7 
to  16;  so  that  these  black  spots,  as  they  are  called,  are  not 
uniformly  dark. 

He  imagined  the  light  to  be  caused  by  the  combustion  of  a 
gaseous  substance  similar  to  that  with  which  we  illuminate  the 
streets,  and  that  a  continuous  supply  of  this  gas  is  enutted  fffNB 
the  solar  mass.  Henoe  a  solution  of  what  has  very  mueh 
puzzled  philosophers»viz»  the  black  spots  on  the  sun's  disc.  For 
fhough  ihett  may  be  a  o6ntinnal  perspiration  of  this  gnaeons 
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matter;  yet,  it  ia  often  locally  impeded,  and  then  obtains  rent 
in  large  masses  or  eruptions  bursting  through  both  strata  of 
clouds ;  and,  being  transparent  thus  permits  us  to  have  a  glimpse 
of  the  sun's  opaque  body.  As  may  be  expected,  he  says,  that 
hurricanes  or  violent  atmospheric  commotions  are  visible  around 
these  openings  and  closings  of  the  solar  clouds.  It  is  observed 
in  general  of  these  spots,  that  as  they  disappear  the  sun*s  disc 
becomes  more  luminous  on  that  part  than  any  where  else ;  and 
Herschel  says,  that  the  sun  emits  more  light  and  heat  the  more 
black  spots ;  and  goes  back  a  century  or  more  to  prove  from  the 
spots  on  record,  that  there  were,  when  the  sun  continued  free 
from  them  for  any  length  of  time,  years  of  scarcity. 

All  this  is  perjfectly  in  harmony  with  electro-chemistry  ;  but 
we  object  to  the  supposition  of  the  sun's  atmosphere  being  in  a 
state  of  combustion.  By  combustion  is  meant,  not  only  the 
union  of  the  two  electric  fluids,  but  the  condensation  of  elemen- 
tary substances,  as  the  ponderous  bases  of  the  combining  gases. 
The  idea  would  indeed  be  beautiful  enough,  were  we  to  adopt 
the  fanciful  hypothesis  of  the  balmy  dews  that  might  be  thus 
distilled.  For  as  he  supposes  the  gas  to  be  similar  to  that  with 
which  we  illuminate  the  streets,  viz.  carburetted  hydrogen,  and 
of  course  combining  with  oxygen,  it  must  produce  a  propor- 
tionate quantity  of  water  and  carbonic  acid  gas.  Now  as  this 
is  the  true  food  of  the  vegetable  kingdom,  it  would  answer  the 
exact  purpose  of  our  rains  and  the  manuring  of  our  lands.  And 
suppose  the  lower  part  of  the  atmosphere  to  be  oxygen  gas 
without  our  quadruple  portion  of  azote,  then  this  abundance  of 
the  ascending  inflammable  gas,  and  of  the  vapour  and  carbonic 
acid  gas  continually  generated  in  the  uppermost  regions  of  the 
atmosphere,  and  gravitating  towards  the  solar  surface,  might 
bear  only  the  same  proportion  to  the  vital  air,  that  the  other 
component  gases  of  our  atmosphere  bear  to  our  oxygen ;  and 
consequently,  a  being,  equipped  with  such  a  pair  of  lungs  and 
vital  apparatus  as  the  inhabitants  of  the  earth  are  furnished 
with,  might,  perhaps,  do  very  well  in  the  solar  abodes. 

However,  we  have  a  much  more  simple  method  of  account- 
ing for  the  light  and  heat  emitted  from  the  sun,  or  generated 
by  his  beams.  The  two  strata  of  clouds  seem  to  argue  that 
the  sun  partakes  somewhat  of  the  cometary  state,  or  more  pro- 
perly, is  a  globular  nebula.  We  have  already  supposed  the  sun 
to  have  been  originally  a  nebula;  and  that  he  should  still  retain 
some  of  its  nebulosity,  while  the  planets,  with  the  slight  excep- 
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tion  of  the  aurora  borealis>  and  perhaps  the  belts  of  Satyrn  and 
Jupiter,  are  entirely  destitute  of  it,  may  be  owing  to  the 
following  circumstances.  The  comets,  as  we  have  shewn,  ar« 
concentrated  at  each  perihelion  passage;  and  by  a  repetition 
of  these,  they  lay  aside  their  nebulosity,  and  assume  the  opacity 
of  the  planets.  But  the  sun  remains  stationary  in  the  place^ 
or  nearly  so,  of  his  original  nebulosity :  his  mass  was  never 
compressed  by  a  perihelion  passage  round  a  body  as  much 
larger  than  himself,  as  he  is  larger  than  a  comet  or  any  of  the 
planets  of  our  system.  And,  therefore,  the  component  ingre- 
dients of  the  sun  retain  a  great  deal  more  of  their  inherent 
electric  fluids  than  those  of  the  planets ;  a  necessary  result  of 
which,  is,  a  much  greater  quantity  of  the  uncombined  fluids, 
which  are  continually  charging  his  atmosphere  and  maintaining 
a  continual  combination  in  the  external  stratum  of  clouds. 

We,  therefore,  suppose  the  light  of  the  sun  to  be  exactly  of 
the  same  nature  as  that  of  our  aurora  bartaUi :  via.  the  upper 
regions  of  the  atmosphere  are  charged  with  positive  electricity, 
while  the  earth  and  lower  regions  are  charged  with  the  nega* 
tive;  and  these,  on  certain  occasions,  meet  together^  combine 
and  form  the  aurora.  In  the  sun's  atmosphere,  in  the  envelope 
and  tail  of  a  comet  or  in  the  external  parts  of  a  nebula,  is  a 
constant  aurora,  and  from  that  of  the  sun  are  distributed  light 
and  heat  to  the  planets.  Now  it  is  not  here  supposed  that  the 
solar  light  and  heat  as  found  in  the  planets  are  altogether  the 
result  of  an  indiscriminate  radiation,  as  from  a  candle,  when 
the  rays  are  distributed  in  all  directions  through  the  gaseous 
medium  of  the  atmosphere,  but  that  the  particles  are  princ^mlly 
attracted  by  the  planets,  so  that,  where  there  is  no  attraction  of 
a  planet  there  is,  perhaps,  little  or  no  radiation.  Should  this 
be  the  case,  the  solar  light  and  heat  in  each  planet  will  be 
according  to  both  the  mass  of  matter  and  the  degree  of  concen- 
tration. If  the  mass  of  matter  is  great,  the  quantity  of  the 
solar  rays  will  be  proportionately  great ;  if  the  matter  is  highly 
concentrated,  as  in  the  denser  planets.  Mercury,  Venua  and  tlM 
earth,  they  will  be  proportionately  greater  than  in  the  leas  con- 
centrated planets ;  but,  the  atmosphere  of  the  denser  planets 
will  be  less  than  ihat  of  the  rarer,  and,  therefore,  the  light  will 
be  less :— consequently,  Saturn  being  the  least  concentrated 
wiU  attract  fewer  particles,  but  having  the  most  extensive  atmo* 
aphere,  these  particles  will  produce  the  greatest  effect,  and  there* 
fore,  instead  of  this  planef  s  quantity  of  light  and  heat  beiag  onlj 
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a  handreth  part  that  of  the  earth  aB  stated  Chap.  IV.  it  may,  im 
hci,  be  equal  to  it 

Should  it  be  objected  that  the  sua  may  become-  exhausted* 
we  see  no^  reason  why  it  may  not  be  supposed,  that,  as  the  8u» 
b  the  centre  of  gravitation  of  our  system,  hither  may  be 
attracted  all  the  redundant  caloric  of  the  system,  so  that  a 
circulation  between  the  sun  and  planets  and  in  short  all  the 
heayenly  bodies  may  be  in  continual  operation. 

On  this  hypothesis  the  black  spots  on  the  solar  disc  are 
accounted  lor  nearly  in  the  same  manner  as  on  Hersehers-; 
only,  substituting  the  electric  for  the  gaseous  fluid.  For  though 
it  is  found  that  the  negative  fluid  is  almost  continually  perspired 
from  the  earth ;  yet,  sometimes  it  is  impeded,  till  at  length  it  is 
so  highly  condensed  its  to  break  forth  in  one  shock,  which,  as 
we  shall  shew,  is  the  cause  of  earthquakes  and  hurricanes.  Im 
like  manner  are  discharges  from  the  sun's  body,  which  will 
sufficiently  account  for  the  almost  instantaneous  openings  of 
the  solar  clouds,  shewing  to  us  the  opaque  orb,  or  producing 
black  spots.  The  motion  of  the  clouds  around  these  spots  is 
sometimes  so  rapid  as  not  to  be  accounted  for  on  any  other 
principle.  And  as  the  discharges  from  the  earth  are  the  most 
frequent  in  mountainous  regions,  so  may  we  also  suppose  that 
the  like  events  generally  happen  on  tiie  solar  mountaina.  Oa 
the  same  principle,  also,  when  the  spots  hare  disappeared,  will 
their  places  be  the  most  Iwninous,  not  so  mmoh  en  account  of 
ttkt  vast  quantity  of  the  electric  fluid  discharged  in  the  shock, 
as,  because  the  whole  charge  is  not  emitted  at  once,  or,  from 
tiiis  ecHiductor  a  regular  stream  is  cotttttt«ed  for  some  time^ 
whieli  $s  not  too  great  for  the  combination,  as  was  the  case  with 
the  main  discharge,  and  therefore  this  place  mi^  be  more 
luminous  ^an  the  rest  of  the  disc  :  h^ice,  as  Herschel  endea- 
V4mred  to  prove,  Che  quantity  of  solar  light  and  heat  may  be 
proportionate  to  the  black  spots. 

The  irregularities  of  the  sun's  surface,  with  respect  to  liber- 
ating or  conducting  the  electricity,  may  perhaps  account  for 
the  corrugated  appearance  of  the  luminous  stratum;  but  it 
should  be  remembered,  that  whenever  the  uncombined  electric 
fluids  unite,  they  always  do  it  in  shocks :  hence  the  flashes  of 
Kghtning  and  also  the  darts  and  streamers  in  the  aurora  borealis: 
hut  we  have  only  an  internal  or  else  a  profile  view  of  the 
aurora — wi^le  we  have  a  full  external  view  of  the  solar  suffaee. 

The  following  experiment  may,  perhaps,  he  eonaidered  as 
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illustratiye  of  tbe  sabject  of  this  section.  In  an  exhansted  glass 
receiver,  suspend  two  finely  polished  metallic  balls  by  two 
wires,  so,  that  the  balls  may  be  at  the  distance  of  a  few  inches; 
and  charge  them  by  the  wires,  the  one  negative  and  the  other 
positive.  The  balls  will  then  appear  sarrounded  with  atmos- 
pheres, and  the  hemispheres  opposite  to  each  other  will  be 
unequally  luminous,  that  of  the  positive  ball  having  the  roost 
light.  It  is  found  impossible  to  exhaust  a  receiver  entirely,  and 
therefore  these  atmospheres  may  be  considered  as  the  remain- 
ing particles  of  air  thus  arranging  themselves  around  the  elec- 
trized surfaces :  hence  we  infer,  that  owing  to  the  sun's  exter- 
nal stratum  of  clouds  being  positively  charged,  a  negative 
charge  is  excited  in  the  surface  of  the  earth  and  lower  parts  of 
the  atmosphere,  which  is  an  auxiliary  to  the  solar  light  and 
heat;  and  we  also  infer  that  it  is  the  superabundance  of  the 
electric  fluids  in  the  planets,  whether  us  caloric  or  as  inhe- 
rent electric  fluids  for  want  of  concentration,  that  causes  them 
to  be  surrounded  with  atmospheres. 

6.    MAGNETISM. 

This  has  lately  become  a  favourite  science  among  a  large 
class  of  the  first  rate  experimental  philosophers.  It  is  divided 
into  two  parts,  viz.  Magneiwn  and  ElectrO'Magneiism: — the 
former  treats  of  the  action  of  magnetised  bodies,  and  endea- 
vours to  ascertain  the  laws  of  that  action; — the  latter  is  occu- 
pied in  developing  the  intimacy  between  the  electric  and 
magnetic  fluids; — ^this  part  of  the  science  is  only  in  its  infancy, 
but  it  promises  most  important  results,  such  as  will  eventually 
connect  magnetism  with  the  other  subjects  of  this  chapter. 

The  Natttral  Magnet  or  Loadftane,  is  an  ore  of  iron  and  was 
described  page  316.  The  whole  of  the  ore  is  capable  of  being 
attracted,  but  there  are  interspersed  in  it,  smaller  masses  which 
possess  the  power  of  attracting  the  whole  mass  as  well  as  each 
other ;  the  former  has  therefore  been  called  pasnvely  magnetic, 
while  the  latter,  which  is  the  true  magnet^  is  said  to  be  actively 
magnetic.  Each  one  of  these  masses,  then,  is  a  magnet;  but 
into  how  many  pieces  soever  it  may  be  broken,  each  fragment 
possesses  exactly  the  same  properties  as  the  whole  mass ;  that 
is,  it  has  two  opposite  points,  called  its  poles,  possessing  oppo- 
site properties.  One  of  these  poles  is  capable  of  being  repulsed 
by  a  charge  of  the  negative  electricity,  and  attracted  by  the 
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poftitiire,  while  the  other,  is  attracted  by  the  negative  electric 
fluid,  and  repulsed  by  the  positive : — each  magnet,  therefore, 
possesses  a  negative  and  positive  pole.  Also  the  negative  poles 
of  all  magnets  repel  each  other,  but  attract  the  positive;  and,  on 
the  contrary,  the  positive  are  repulsive  of  themselves,  but  attract 
the  negative,  in  the  same  manner  as  bodies  charged  with  the 
electric  fluids.  But  there  is  this  difference ;  when  two  elec- 
trified bodies  come  in  contact  by  their  mutual  attraction,  the 
fluids  are  discharged,  and  the  bodies  (no  longer  possessing  attrac- 
tion) separate :  while  magnetised  bodies  remain  clinging  to  each 
other.  Also,  it  is  observable,  that  the  magnetic  powers  are  not 
impeded  by  intervening  bodies,  provided  they  are  not  magnetic; 
but  the  electric  powers  of  attraction  and  repulsion  do  not  act 
through  non-conducting  substances. 

When  a  magnet  is  attached  to  a  piece  of  cork  that  swims  freely 
in  water,  or  is  suspended  by  a  thread  fastened  to  its  middle,  or 
is  delicately  balanced  on  a  pivot,  so  that  it  may  turn  round  with 
the  least  possible  friction,  the  negative  pole  arranges  itself 
nearly  towards  the  north  pole  of  the  earth,  and  the  positive,  of 
course,  in  the  opposite  direction.  The  negative  pole  is,  therefore, 
called  the  North  Pole,  and  the  other  the  South  Pole.  But 
when  a  magnet  has  freedom  of  motion,  it  does  not  remain  paral- 
lel with  the  horizon,  but,  chiefly  in  northern  latitude,  the  north 
pole  is  depressed,  or  dips  towards  the  earth,  while  the  south 
pole  is  elevated :  this  depression  or  dip,  at  London,  is  now,  1825, 
about  70  deg.  But  in  southern  latitude  the  dip,  as  it  respects 
the  poles,  is  reversed.  To  account  for  this  phenomenon,  the 
earth  is  supposed  to  be  a  large  magnet  with  its  poles  situated 
at  opposite  parts  of  the  surface,  towards  which  the  poles  of  the 
small  magnet  are  attracted ;  and  as  the  north  pole  of  one  mag- 
net is  attracted  by  the  south  pole  of  another,  it  is  supposed  that 
the  north  magnetic  pole  of  the  earth  possesses  the  same  pro- 
perty as  the  south  pole  of  the  small  magnet.  Supposing,  then, 
the  earth's  magnetic  poles  to  be  at  opposite  points  of  the  sur- 
face, or  so  situated  that  a  line  passing  through  them  would  also 
pass  through  the  earth's  centre;  a  circle  therefore,  passing 
through  each  pole  of  the  small  magnet  and  continued  all  round 
the  earth,  would  evidently  pass  through  the  earth's  magnetic 
poles,  or  intersect  the  magnetic  axis  at  two  opposite  points  of 
the  earth's  surface : — such  a  circle  will  consequently  represent 
the  magnetic  meridian. 
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In  general,  the  smaller  the  magnet  the  greater  in  proportion 
is  the  power.  A  magnet  worn  in  a  ring  by  Sir  I.  Newtim, 
though  weighing  only  three  grains,  would  lift  740  graims,  or 
nearly  250  times  its  own  weight;  while  one  of  two  pounds  <Nr 
upwards,  seldom  lifts  more  than  10  times  its  own  weight  The 
natural  magnet  or  loadstone  has  likewise  the  power  of  catling 
forth  the  magnetic  virtues  in  iron  and  nickel,  till  these  metals, 
especially  iron,  are  much  more  powerful  than  itself.  Soft  iron 
receives  the  magnetic  properties  much  more  readily  than  tem- 
pered steel,  hut  as  readily  loses  them ;  while  hardened  steo) 
retains  them,  under  proper  management,  for  any  length  of  time; 
so  that,  as  steel  is  capable  of  being  manufactured  into  any  rari* 
ety  of  form,  while  the  natural  magnet  is  not,  magnetised  steel  is 
preferred  for  all  useful  purposes.  Such  is  the  attraction  or  repnl- 
sion  of  two  powerful  steel  bars,  that  it  requires  the  strength  of 
an  able  bodied  man  to  separate  them  when  their  north  and  south 
poles  are  joined,  or  to  join  their  two  north  or  two  south  poles. 

But  steel  bars  do  not  receive  magnetism  by  the  contact  •£ 
the  loadstone  alone, — they  will  impart  it  by  friction  to  ea^ 
other  ;  and  it  may  be  equally  communicated  to  them  by  a  smart 
stroke  on  one  end  with  a  hammer,  by  a  shock  of  electricity,  by 
the  galvanic  apparatus,  by  dipping  one  end  in  an  acid,  by  being 
heated  and  cooled  either  in  water  or  exposed  to  the  air,  by 
lightning,  or  by  being  a  long  time  exposed  to  the  weather,  and 
the  electricity  of  the  earth  and  air ;  in  short,  it  is  comoHimcated 
to  them  in  all  cases  wherever  the  latent  caloric  of  the  iron  is 
disturbed,  by  the  excitation  of  electricity  or  die  vicinity  of 
a  magnet,  providing  only,  (except  when  the  exciting  cause  is 
very  powerful,)  the  bars  be  placed  in  the  magnetic  meridian  or 
nearly  perpendicular.  Hence  the  poker  is  almost  always  mag- 
netic, as  also  old  bars  of  iron,  such  as  window  stanchions  ar 
iron  railings.  Likewise,  if  a  magnetic  bar,  having  its  poles  at 
right  angles  to,  or  reversed  in  the  magnetic  meridian,  be  treated 
in  the  above  manner,  its  magnetism  is  destroyed.  Though  ia 
the  latter  case,  should  the  shock  of  electricity  or  exciting  cause 
be  very  powerful,  its  poles  are  reversed,  that  is,  the  pole  wUck 
was  before  the  north,  becomes  the  south;  electricity  will  aho 
fix  tbe  poles  or  change  them  according  to  the  manner  o€  its 
passing  through  the  bars. 

A  piece  of  steel  made  so,  as  when  suspended  on  a  pi  vet,  it  nay 
not  be  much  impeded  by  friction  caused  by  its  weiglit,  mU 
highly  magnetised,  is  called  a  needk.    Almost  dvery  praoti- 
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tioaer  has  his  peculiar  mode  of  imparting  the  magnetic  proper- 
ties to  steel  bars  which  is  often  carried  on  with  great  secresy. 
With  these  bars  the  needles  of  the  mariner's  compasses  are 
magnetised,  and  are  frequently  re-toached/  so  as  to  ascertain 
whether  they  have  the  powers  sufficiently  strong,  or  in  the  poles 
according  to  their  marks,  for  the  poles  have  sometimes  been 
reversed  by  lightning.  A  great  deal  depends  upon  the  temper 
of  the  metal:  a  needle,  it  seems,  ought  to  be  hard  at  each  end, 
ftnd  soft  in  the  middle,  and  the  mode  of  tempering,  recom- 
mended as  the  best,  is,  to  harden  the  whole  needle  at  a  red 
beat,  and  then  to  soften  the  middle  to  within  an  inch  of  each 
extremity,  by  placing  it  across  a  piece  of  red  hot  iron,  as  a 
poker,  till  the  blue  colour  has  arisen  and  just  disappeared. 

A  magnetic  bar  is  rendered  more  powerful  by  being  bent 
somewhat  in  the  manner  of  a  horse-shoe,  but  having  its  sides 
longer  (or  more  nearly  resembling  an  ass^s  shoe;)  and  the  virtue 
is  increased  by  keeping,  provided  a  piece  of  iron  or  steel  com- 
municate with  each  pole ;  or,  in  case  of  two  horse-shoe  magnets 
being  used,  the  north  pole  of  the  one  communicate  with  the 
south  pole  of  the  other.  When*  a  straight  magnetic  bar  is  to  be 
preserved,  the  iron  or  steel  must  be  so  bent  as  to  communicate 
with  each  pole;  or  two  pieces  must  he  used,  and  joined  so  as  to 
form  a  triangle  with  the  magnetic  bar.  A  magnet  under  such 
circumstances  is  said  to  be  armed,  and  the  pieces  of  iron  or 
steel  are  called  its  armour  or  armature.  When  thus  armed  a 
bar  is  more  powerful  than  when  naked ;  and  its  power  may  be 
increased  by  loading  in  the  following  manner. — Take  a  small 
piece  of  iron,  with  a  slight  hook,  to  which  attach  a  bag  or  scale; 
then  suspend  the  iron  by  the  attraction  of  the  magnet,  and  at 
intervals  of  a  day  or  so,  keep  loading  the  bag  or  scale,  with  a 
few  grains  of  sand  or  small  shot  corns  :  then,  the  weight  that 
iNreaks  the  connection  is  the  power  of  the  magnet  But  if  we 
wish  the  magnet  to  retain  its  greatest  power,  we  must  not  break 
the  connection  by  overloading ;  for,  in  this  case,  the  power  of 
the  magnet  will  be  nearly  as  when  we  began ;  otherwise,  it 
may  be  made  to  support  two  or  three  times  its  weight 

The  bodies,  which  we  have  hitherto  described,  are  made 
permanently  magnetic;  that  is,  when  approached  by  each  other, 
they  attract  or  repel  according  to  the  poles;  but  when  bodies 
diat  are  only  passively  magnetic  are  approached  by  either  pole 
of  a  magnet,  the  opposite  pole  is  immediately  induced  in  that 
body  without  any  motion  of  its  mass;  consequently,  they  are 
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always  attracted.  Soft  iron,  nickel,  cobalt,  cbromraniy  one, 
and  bismoth,  as  well  as  tbeir  ores,  are  of  this  description.  Of 
all  tbe  metals  arsenic  seems  tbe  most  hostile  to  attraction. 
Most  earthy  minerals,  especially  when  they  have  been  in  the 
fire,  are  magnetic.  The  calcareous  are  the  least  so,  and  the 
flilicioas  the  most.  The  garnet  with  some  others  are  magnetic. 
The  transparent  minerals,  whether  naturally  so,  or  deprived 
of  their  colour  by  heat,  do  not  exhibit  magnetic  properties. 
Amber,  and  almost  all  animal  and  vegetable  substances  after 
being  burnt  are  magnetic.  The  earth  itself  is  a  large  magnet, 
and  therefore,  many  masses  on  its  surface,  as  a  house,  a  rock, 
or  ship,  are  always  under  its  influence,  and  have  their  poles 
according  to  their  position.  However,  it  is  found,  that  in  such 
bodies  as  are  solid,  the  magnetic  virtues  only  reside  in  the  sur- 
face. A  hollow  globe  of  iron,  provided  the  thickness  of  the 
shell  be  more  than  one<thirtieth  part  of  an  inch,  is  aa  powerM 
as  a  solid  ball. 

It  is  evident,  therefore,  that  a  body  under  such  circumstances, 
can  never  possess  a  directive  power,  since  however  the  mass  is 
moved,  the  poles  change  place ;  and  are  always  in  the  direction 
of  the  exciting  cause.  But  when  an  active  magnet  or  a  perma- 
nently magnetised  steel  needle  is  suspended,  so  that  it  may 
possess  freedom  of  motion,  it  will  point  towards  the  magnetic 
poles  of  the  earth.  The  Mariner' i  Compass  is  such  a  needle 
suspended  over  a  circular  card.  The  true  meridian  serves  as  a 
diameter,  and  the  two  semicircles  are  generally  numbered  from 
the  north  to  the  south  180  degrees  each  way.  The  quadrants 
are  therefore  east  and  west,  and  the  ends  of  the  diameter  or 
meridian  represent  the  north  and  south  poles  of  the  earth. 
The  needle  being  properly  suspended  arranges  itself  at  about 
24deg.  to  the  westward  of  the  true  north;  and  this  is  called 
the  variation  of  the  compass.  From  this  it  is  evident  that  the 
magnetic  poles  are  not  at  the  true  poles  of  the  earth;  and  as 
the  variation  is  counted  from  the  true  meridian,  it  must  differ 
in  quantity  at  almost  every  different  place  on  the  earth's  sur- 
face : —  the  above  is  the  variation  at  London. 

But  actively  and  passively  magnetic  bodies  differ  in  another 
respect.  In  the  former,  the  magnetic  powers  are  concentrated 
at  each  pole ;  but  in  the  latter,  the  poles  seem  indefinitely  near 
each  other  at  the  centre  of  the  whole  magnetic  attraction ;  so 
that*  the  magnetic  axis  of  such  masses  is  a  mere  geometrical 
line  extending  through  these  central  points  in  each  direction 
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till  it  pierces  tbe  surface.  In  irregular  bodies,  the  magnetic 
poles  will  be  at  the  centre  of  the  surface,  which  may  differ  from 
the  central  point  of  gravity ;  but  in  spheres,  such  as  iron  balls, 
the  centre  of  gravity  and  the  magnetic  centre  are  coincident. 
The  earth  is  supposed  to  be  a  magnet  of  this  description ;  and, 
consequently,  Uie  magnetic  poles  must  be  indefinitely  near  to 
each  other  at  the  earth's  centre.  This  important  fact  was 
deduced  by  Mr.  Barlow,  from  his  experiments  on  iron  balls, 
and  is  established  by  the  observed  dip  of  the  needle  in  all  parts 
of  the  earth,  as  weU  as  by  the  intensity  of  the  magnetic  power. 
Had  the  magnetic  poles  been  situated  at  the .  surface  of  the 
earth,  and  had  the  earth  in  other  respects  represented  an  active 
magnet,  then,  as  navigators  approached  either  pole,  the  inten- 
sity, which  increases  as  the  square  of  the  distance  diminishes, 
would  have  increased  to  an  unlimited  degree;  whereas  the  con- 
trary is  the  case,  for  instead  of  the  needle  becoming  more 
active  near  the  magnetic  poles,  it  becomes  so  sluggish  in  its 
motions  as  to  be  nearly  useless 

Were  the  magnetic  powers  concentrated  at  two  opposite 
points  of  the  earth's  surface,  then,  the  needle  would  always 
point  to  these  poles.  At  half  way  between  them,  being  equally 
attracted  by  each,  it  would  be  parallel  with  the  horizon,  or 
there  would  be  no  dip :  this  would  be  the  case  all  round  the 
earth,  so  that  it  would  form  a  great  circle  at  right  angles  with 
the  magnetic  meridian,  and  would  represent  the  magnetic  equa- 
tor. Northward  of  this  circle,  the  north  pole  of  the  needle 
would  dip  towards  the  north  magnetic  pole,  and  this  dip  would 
increase  till  the  needle  arrived  at  the  pole  itself,  where  it  would 
be  perpendicular  to  the  horizon  :  the  same  may  be  observed  as 
it  regards  the  south  pole.  As  the  magnetic  poles  are  here  sup- 
posed to  be  antipodes  to  each  other,  therefore,  these  poles,  and 
the  true  poles  of  the  earth  would  be  situated  under  the  same 
meridian.  And  as  the  magnetic  variation  is  counted  from  any 
true  meridian  of  the  earth,  it  is  evident  that  a  compass  on  this 
meridian,  would  not  only  point  to  the  magnetic  poles,  but  also 
to  the  true  poles  of  the  earth :  consequently,  on  this  circle  there 
could  be  no  variation ;  and  the  nearer  to  this  circle  on  any 
part  of  the  earth,  the  less  the  variation:  so  that,  a  circle  at 
right  angles  to  it  or  a  true  meridian  at  half  way  between,  would 
be  the  circle  all  round  the  earth,  on  which  the  variation  would 
be  the  greatest.  Also,  the  circle  of  no  variation,  must  deter- 
mine the  name  of  the  variation  whether  eatt  or  weMt.    Had  this 
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been  the  case,  die  dip  and  variation  of  die  neecHe,  woidd  always 
have  pointed  out  the  latitude  and  longitude  of  the  place  in  what- 
ever part  of  the  world. 

But  though  the  magnetic  poles  are  placed  indeGnitely  near 
to  each  other  at  the  earth's  centre,  were  the  magnetism  uni- 
formly disposed  around  the  earth's  suriiace,  and  could  the 
variation  and  dip  be  at  all  times  accurately  ascertained,  the 
latitude  and  longitude  of  the  place  might  still  have  been  deduced 
by  calculation.  However,  this  is  far  from  being  the  case:  the 
earth's  magnetic  powers  are  supposed  to  be  occasioned,  either 
by  internal  fires,  or  by  its  beds  of  magnetic  ores,  here  and 
there  unequally  distributed  around  the  surface;  so  l^at,  in 
some  measure,  every  place,  accorcMng  to  the  presence  of  ^eae 
mines  of  fire,  or  beds  of  iron  ore,  ot  their  Ticinity,  seems  to 
have  a  magnetic  pole  of  its  own :  hence  both  the  dip  and  die 
variation,  as  taken  in  diffisrent  parts  of  the  world,  are  very 
difierent  from  what  would  be  the  result  of  the  above  suppodticni. 
Yet  numerous  as  these  magnetic  poles  must  be,  all  the  north 
poles  agree  in  pointing  to  somewhere  widiin  the  «rotio  circle, 
near  the  middle  of  the  arctic  part  of  N<»rth  America.  Captain 
Parry,  in  his  first  voyage,  supposed  the  magnet  pole  to  be  al 
73  N.  Lat.  and  102  W.  lion.  But  no  other  observations,  either 
as  to  the  poles  or  great  circles  of  no  dip  and  no  variation,  agree 
with  this.  In  fact,  observations  differ  in  die  place  assigned  to 
the  pole,  as  much  as  66  deg.  Lon.,  and  10  deg.  Lat 

As  we  have  already  stated,  almost  every  body  is  rendered 
passively  magnetic  by  the  earth's  attraction;  and  the  poles  in 
such  bodies  must  be  always  in  tlie  Hue  of  the  dipping  needle, 
which  forms  a  different  angle  with  the  horizon  in  every^part  of 
the  earth's  surface,  except  at  the  magnetic  equator.  For 
instance,  if  we  suspend  a  ball  of  iron,  it  will  be  magnetic,  the 
north  pole  will  be  near  the  lower  side,  and  the  south  near  die 
upper,  so  that  a  line  passing  through  these  points,  will,  at  Lon- 
don, make  an  angle  of  about  70  degrees  with  the  horison.  Swck 
a  ball,  therefore,  will  be  die  earth  in  miniature;  for  if  we  make 
a  circle  round  it  at  right  angles  to  one  paasing  dirough  the 
poles,  it  will  represent  the  magnetic  equator.  A  needle  placed 
any  where  with  its  pivot  in  the  plane  ot  diis  otrde,  will  haive 
each  pole  exacdy  at  an  equal  distance  from  each  pole  of  the 
ball ;  and  therefore  all  round  this  plane  tlw  hall  will  appear  as 
if  it  had  no  effioct  upon  die  needle ;  it  is,  theretoe,  odled  the 
plane  of  no  variation.    But  in  any  place  whatever  out  of  das 
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planey  the  needle  will  be  deflected  from  die  pogition  given  it  by 
the  earthy  according  to  i  t  vioiaify  to  either  pole  of  the  ball.  If 
near  the  baU  it  will  obey  the  magnetism  of  the  ball ;  bat  at  a 
oertain  diatance  the  inflneneeof  the  ball  will  only  interfere  wuth 
that  of  the  earth.  By  experiments  on  balls  and  guns,  Mr. 
Bariow  deduced  rules  for  determining  the  centre  of  attraction* 
and  plane  of  no  variation  in  the  most  irregular  bodies. 

Every  thip^  on  account  of  the  iron  it  contains,  is  passively 
magnetic,  and  has  polea  and  a  plane  of  no  variation  Uke  those 
deacribed  in  the  ball;  on  this  account  the  mariner'a  compassi  in 
■Upt  OMi  hardly  be  any  where  placed  so  as  to  be  at  full  liberty 
to  obey  the  magnetic  influence  of  the  earth.  Indeed  such  ia 
the  quantity  of  iron  in  ships  of  war,  that  this  instrument,  of 
whose  virtuea  we  have  been  accustomed  to  bear  such  marveUoua 
accoBttts,  has  nearly  fallen  into  disuse :  for  it  has  sometimes 
obeyed  the  influence  of  the  iron  of  the  ship  rather  than  that  of 
tha  eartii,  tunung  everyw^here  along  with  the  ship.  However, 
thn  real  cause  of  this  defect  was  not  suspected  till  within  half  a 
QQBtBry  ago ;  and  only  within  a  few  years  has  it,  from  the  re- 
peated cakmutiea  occasioned  thereby,  received  serious  attention. 
The  observations  stated  above  with  respect  to  determining  the 
magnetic  pole  were  m%d»  under  its  influence,  h^nce  perhaps  a 
great  part  of  their  want  of  coincidence. 

Mr.  Barlow,  though  the  principle  had  already  been  pointed 
ontf  was  the  first  that  sat  abrat  correcting  it  in  a  practical  man- 
ner. He  commenced  the  process  by  experiments  on  balls, 
diells,  and  guns;  and  by  the  important  discovery,  that  the 
nrngnetie  polea  of  passively  magnetic  bodiea  are  indefinitely 
-  near  to  each  other  at  the  centre  of  the  whole  of  the  magnetic 
aBrfiice,<>***he  arrived  at  the  happy  conclusion  that  however  an 
irtegular  body»  suoh  as  a  ship,  may  be  turned,  the  centre  of 
BMignetio  attraction  will  always  be  at  the  same  place.  Now  as 
flie  power  of  attraction  diminishes  aa  the  square  of  the  distance 
Increaaes,  it  is  evident,  that  a  small  piece  of  iron  placed  near  a 
enmpass  wfll  produce  the  same  effect  as  a  large  mass  placed  at 
a  greater  distance, — he  conceived  the  idea,  therefore,  of  placing 
an  iron  ball  so  as  to  balance  or s  neutralize  the  ship's  effisct  on 
the  needle,  and  thus  leave  it  at  liberty  to  obey  the  influence  of 
the  ^rdi;  but  this  he  found  would  occasion  the  ball  to  be 
dIffereBtly  plaoed  every  time  it  was  used.  He  therefore 
changed  his  plan,  and  placed  the  ball  with  its  centre  in  the  line 
joining  the  pivot  of  the  needle  and  the  centre  of  the  ship's 

3b2 


Digitized  by  VjOOQIC 


380  MAONETISM. 

attraction,  so  as  to  doable  the  effect  of  the  ship's  attractioB ; 
and  its  position  for  producing  this  effect  being  once  determined, 
the  deviation  in  whatever  part  of  the  world,  or  whatever  the 
position  of  the  ship,  providing  no  material  alteration  take  place 
in  the  quantity  and  disposition  of  the  iron,  will  be  the  same. 
And  as  he  afterwards  discovered  that  the  infloence  of  iron  is 
not  according  to  its  mass,  bat  to  its  surface,  he  introduced  a  thin 
plate  of  iron  of  about  12  or  14  inches  diameter  with  a  brass  socket 
at  its  centre  instead  of  the  ball,  as  being  more  manageable.  By 
this  means  he  has  restored  the  mariner's  compass  to  its  pristine 
honours ;  and  has,  in  some  measure,  met  with  that  encourage- 
ment from  his  country  that  hi^  merits  deserve. 

When  a  conyenient  place,  on  shipboard,  for  the  azimuth  com- 
pass,  has  been  selected,  the  first  thing  is  to  ascertain  the  centre 
of  attraction  of  the  vessel,  or  the  line  joining  it  and  the  pivot  of 
the  needle.  This  is  done  by  fixing  a  theodolite  on  shore  by  an 
azimuth  compass,  and  then  taking  the  same  compass  on  ship- 
board,— an  observer  at  the  theodolite  and  another  at  the  com- 
pass, take  the  bearing  of  each  odier  by  signal  at  the  same 
moment.  If  there  was  no  local  attraction  of  the  vessel,  these 
bearings  would  be  the  same  but  in  opposite  directions ;  conse- 
quently, the  difference  is  the  local  attraction  of  the  vesseL 
However,  should  the  centre  of  attraction  of  the  vessel  be  in  a 
line  with  the  observers,  either  before  or  behind  that  in  the  ship, 
that  is,  should  they  all  be  in  the  magnetic  meridian,  then,  there 
will  be  no  deviation  caused  by  the  local  attraction  of  the  vessel : 
consequently,  the  more  the  central  point  is  removed  from  the 
magnetic  meridian  passing  through  the  pivot  of  the  needle,  the 
greater  the  deviation  caused  by  the  ship's  attraction.  The 
greatest  effect  will,  therefore,  be,  when  the  central  point  is  in 
the  magnetic  east  or  west:  and  the  deviation  will  also  be  east 
or  west  according  to  the  position  of  this  point  Having;  there- 
fore, ascertained  the  deviation,  for  any  one  direction  of  the 
ship's  heady  the  plate  is  fixed  so  as  to  double  it.  And,  of 
course,  however  the  ship  is  turned,  so  as  to  vary  the  deviation 
in  quantity,  that  caused  by  the  ship  and  plate  will  still  be  equal; 
sa  that  if  the  azimuth  be  takea  without  the  plate,  and  again  with 
die  plate,  the  difference  is  the  quantity  of  local  attraction.  If 
the  bearings,  as  taken  without  the  plate,  be  diminished  by  the 
plate,  then  the  local  attraction  is  to  be  added  to  the  angle  of  the 
first  bearing;  but  if  increased,  it  must  be  subtracted. 

The  power  of  the  plate  is  ascertained  on  shore,  by  placing  an 
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aximnth  compass  on  a  wooden  pedestal.  In  a  Tertical  line  of 
this  pedestal  are  bored  7  or  8  holes  about  an  inch  asunder,  into 
one  of  which  is  inserted  a  brass  or  copper  rod  to  carry  the 
plate.  By  turning  the  pedestal  in  different  directions,  and 
elevating  or  depressing  the  plate  by  inserting  the  rod  in  different 
holes,  the  place  is  found  where  its  effect  equals  that  of  the  ship; 
after  which  the  pedestal  is  removed  to  its  station  on  ship-board. 
But  by  measuring  the  vertical  from  Uie  card  of  the  compass  to 
the  rod  whereon  is  the  plate,  and  the  distance  between  that 
vertical  and  the  centre  of  the  plate,  a  table  of  the  powers  of  any 
plate  at  any  distance,  may  be  made.  Plates  with  such  tables 
are  now  sold,  so  that  for  using  them,  the  local  attraction  of  the 
vessel  only  is  to  be  determined,  provided  only  the  observations 
on  the  ship  be  made  at  a  place,  where  the  dip  does  not  differ 
much  from  the  dip  of  that  place  where  the  power  of  the  plate 
was  determined. 

A  remarkable  circumstance  in  magnetism,  is,  that  the  polar- 
izing axis  is  not  stationary.  When  the  mariner's  compass  was 
first  invented,  its  variation  at  London  was  east,  but  it  was 
advancing  westward  and  continued  to  do  so  till  1823,  since 
which  time  it  is  supposed  to  have  been  retarning  to  the  north  or 
east  In  the  year  1580  it  was  1  i  deg.  15min.  east;  and  in  16G0 
it  was  due  north  at  London  or  had  no  variation.  So  that  it 
appears  to  revolve  round  the  earth  from  east  to  west ;  but  whe- 
ther in  the  same  latitude,  and  with  an  equable  motion  is  not  yet 
determined;  should  it  do  so,  it  will  complete  a  revolution, 
according  to  Mr.  Barlow,  in  850  years.  In  1818  the  dip  at 
London  was  70 deg.  84min.;  and  variation  24 deg.  30min.  west: 
hence  he  computes  the  place  of  the  pole  to  have  been  at  75  deg. 
2min.  N.  Lat.,  and  67 deg.  41min.  W.  Long.  The  pole  revolves 
at  the  rate  of  4 deg.  14min.  in  10  years ;  and  when  it  arrived  at 
70  deg.  23min.  W.  Long,  the  variation  would  be  at  the  greatest, 
and  at  this  point  it  would  arrive  sometime  in  the  year  1823. 
But  by  calculation  the  dip  ought  to  decrease  after  1818,  and  to 
be  at  the  maximum  variation  only  70  deg.  5min.;  and  observa- 
tion  shews,  that  the  angle  of  the  dip  diminished  nearly  half  a 
degree  in  the  5  years  succeeding  1818.  The  dip  is  now  there- 
fore changing  more  rapidly  than  the  variation,  and  will  do  so 
for  260  years,  when  the  magnetic  pole  will  be  at  180 deg.  Long, 
or  at  no  variation,  and  the  dip  will  be  only  56  deg.  After 
which,  they  will  both  increase  for  260  years,  when  the  needle 
will  have  its  greatest  easterly  variation;  but  the  dip  will  in- 
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crease  till  25!0»  when  it  will  be  at  its  maximom  or  about  77  deg. 
49miB.;  and  the  magnetic  pole  will  again  be  on  tbe  meridian  of 
London  or  at  no  variation. 

The  needle  has  also  a  daily  variation  occasioned  as  it  appears 
bj  the  heat  of  tbe  sun.  When  the  sun  is  on  the  magnetic 
meridian  this  variation  is  nothing ;  the  heat  being  in  that  plane; 
bat  when  the  sun  is  on  either  side,  he  seems  to  repel  that  pole 
of  the  needle  towards  him.  When  at  the  magnetic  east  or  west 
he  has  no  effect :  hence  three  times  a  day  the  needle  points  to 
the  due  magnetic  north,  that  is,  when  the  sun  is  on  the  magneCic 
meridian,  and  about  six  hours  before  he  has  passed  it;  and  the 
maximum  of  deviation  is  three  hours,  before  and  after  the 
tn^sit  of  the  meridian.  As  the  sun  repels  the  pole  next  him, 
the  variation  wiU  be  east  (the  north  pole  of  the  needle  is  alwayt 
meant)  before  he  arrive  at  the  meridian,  and  west  after  he  paasea 
it.  The  sun  is  on  the  magnetic  meridian  at  London  between 
half-past  ten  and  eleven  o'clock  a.  m.;  the  greatest  daUy  varia- 
tion in  summer  is  from  12  to  14  minutes,  and  in  winter  from  7 
to  8.  But  as  the  sun  is  differently  situated  witii  respect  to  die 
earth  at  different  seasons,  his  time  of  being  at  the  magnetic  eaat 
and  west  will  vary  all  through  the  year ;  and  as  he  advances 
far  north  in  summer,  in  the  northern  latitudes  there  is  a  slight 
variation  through  the  night. 

7.   ELBCTRO-MAONBTISM. 

The  object  of  this  science  is  to  investigate  the  relation  be- 
tween electricity  and  magnetism,  to  demonstrate  the  cause  of 
tbe  magnetic  phenomena,  and,  finally,  to  identify  the  laws  of 
magnetic  action,  with  those  to  which  aU  matter  is  obedient. 

What  was  said  on  Crystallization,  Chap.  XII.  s.  16,  may,  in 
tome  measure,  be  considered  as  introductory  to  this  article. 
We  therein  stated  that  in  forming  crystals  the  molecules 
arrange  themselves  according  to  their  polarities,  each  one, 
when  composed  of  only  two  elements,  as  a  molecule  of  water, 
having  a  positive  and  negative  pole.  Caloric  is  composed  of 
equal  and  unvarying  proportions  of  the  negative  and  positive 
fluids,  and  the  natural  tendency  is  to  revolve  round  each  other, 
aa  stated  sec.  4.  But  in  passing  through  solid  bodies,  or  when 
they  become  latent,  these  motions  cease,  and  the  particles  t^ 
the  negative  or  positive  fluid  arrange  tiiemselves  according  lo 
the  positive  and  negative  particles  of  the  elementary  substances. 
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9at  in  some  instances  this  arrangement  seems  to  be  partly  orer- 
mled  by  foreign  attractions,  and  the  negative  pole  of  each 
molecnle  is  made  to  point  in  one  direction,  and  the  positive  in 
the  opposite,  when  each  molecnle  becomes  a  molecnle  of  mo^- 
sielte  floid,  and  to  a  certain  degree  represents  an  actively 
magnetic  body.  The  different  states  of  the  electric  energies  may 
therefore  be  thus  defined.  Chemical  Affinity  depends  npon  the 
electric  flnids  as  inherent  in  the  original  particles  of  the  elemen- 
tary substances ;  caloric  is  the  two  electric  flnids  detached  from 
the  elementary  particles '  of  matter,  but  combined  with  each 
other ;  electricity  or  galvanism  is  the  electric  flnids  both  detached 
from  the  original  particles  of  matter  and  from  each  other ;  and 
magnetism  is  the  electric  flnids  combined  with  each  other  as 
caloric,  and  also  combined  with  the  original  particles  of  matter 
as  latent  caloric,  bnt  the  molecnles  are  arranged,  as  regards 
their  poles,  in  one  direction. 

These  molecnles  are  millions  of  times  too  small  to  be  detected 
by  sight,  but  since  a  magnetic  needle  is  nearly  the  same  in 
principle,  we  may  consider  a  magnetic  molecule  as  thereby 
rq>resented.  We  have  therefore  to  suppose  the  earth's  surface 
to  consist  of  nearly  concentric  layers  of  such  molecules, — they 
being  disposed  in  each  layer  according  to  the  dip.  At  the 
magnetic  equator  they  will  be  without  dip,  to  the  north  of  it, 
diey  will  present  their  south  poles  uppermost,  or  externally, 
and,  in  course,  will  attract  the  nor^A  pole  of  the  needle ;  in 
•onthem  magnetic  latitude  the  negative  poles  will  be  uppermost, 
and  they  will  attract  the  south  pole  of  the  needle.  But  as  the 
magnetic  minerals  are  not  everywhere  equally  disposed  around 
the  earth,  so  in  some  places  there  will  be  a  much  more  perfect 
disposition  of  these  molecules  than  in  others,  or  a  much  greater 
number  of  layers  :  and  though  the  whole  of  the  magnetic  shell 
will  have  a  common  centre,  yet  each  of  these  beds  wiU,  to  a 
certain  degree,  have  a  centre,  and  polarising  axis  of  its  own. 

The  magnetic  virtues  are  only  possessed  to  any  great  degree 
by  two  metals,  iron  and  nickel.  Now,  it  is  well  known  that 
iron,  though  we  do  not  recollect  that  the  same  fass  been  ob- 
served of  nickel,  has  the  greatest  capacity  of  all  known  sub- 
ilaraces  lor  latent  caloric.  Its  magnetic  properties  are  the  mort 
intense  ^i^en  soft  and  malleable,  when  its  capacity  for  latent 
ealoric  is  known  to  be  the  greatest;  so  that  the  more  pure  the 
iron  the  greater  the  magnetic  powers;  and  this  power  ii 
increased  by  heat,  till  it  arrive  at  a  red  heat.    However,  at  a 
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white  heat,  at  which  heat  iron  welds,  shewing  thereby  that  its 
cohesive  attraction  is  so  fsMr  overcome  that  its  internal  structure 
is  changed,  it  entirely  loses  its  magnetic  properties.  But  it  is 
a  curious  fact,  that  when  a  bar  has. been  heated  to  a  white  heat 
and  is  left  to  cool  in  the  magnetic  meridian,  while  passing  from 
the  white  through  the  bright  red  to  the  red,  its  poles  are  re- 
versed, till  it  arrive  at  the  cherry  red,  when  its  highest  magnetic 
powers  commence.  We  consider  this  as  an  electric  phenome- 
non. Most  substances  while  cooling  are  electric,  and  at 
different  temperatures  the  charges  often  change  sides.  The 
natural  electricity  of  the  earth's  surface  is  negative ;  the  lower 
end  of  the  bar  then  becomes  positive  by  induction,  and  the 
upper  end,  which  should  be  the  south  pole,  negative.  But  the 
north  pole  of  the  needle  is  repelled  by  a  charge  of  the  negative 
fluid,  and  the  south  by  a  charge  of  the  positive ;  hence,  if  the 
poles  of  the  bar  are  determined  by  their  attraction  and  repulsion, 
they  will  appear  to  be  reversed,  while  in  fact  they  are  only 
electrical  and  not  magnetic. 

If  two  bars  or  wires  of  different  metals  be  bent  so  as  their 
extremities  may  be  soldered  together,  forming  a  circle  or  any 
other  figure ;  or  if  a  straight  bar  of  one  metal  be  used,  and  a 
semicircle  of  another  be  placed  in  contact  with  the  ends,  and 
heat  be  applied  to  the  joinings  of  the  metals  or  to  one  end  of  the 
bar,  the  whole  will  be  magnetic,  or  be  one  magnet,  that  is,  the 
molecules  will  be  polarized,  or  lie  in  the  same  direction  both  in 
the  bar  and  wire.  But  in  some  metals  treated  in  the  same 
manner,  the  poles  are  reversed ;  and  different  metals  exhibit 
different  intensities.  Should  the  bar  be  heated  at  the  middle 
no  effect  is  produced.  Should  it  be  alternately  hot  and  cold  in 
different  parts,  provided  a  wire  connect  a  hot  and  cold  part,  and 
each  wire  communicate  with  the  wire  that  joins  the  two  poles 
of  the  bar,  the  power  is  increased :  hence,  it  has  been  con- 
cluded, that  for  the  excitation  of  magnetism,  it  is  only  neces- 
sary that  two  contiguous  particles  of  the  same  metal  be  at 
different  temperatures. 

In  magnetising  needles  by  electricity,  the  shock  must  be 
given  transversely,  and  not  along  die  needle.  So  also  in  the 
galvanic  battery,  the  two  wires  communicating  with  each  end, 
must  be  joined  by  a  third,  and  the  needle  to  be  magnetised 
must  be  placed  across  this  wire.  But  the  connecting  wire 
itself,  while  the  battery  is  in  action  is  magnetic ;  that  is,  it  will 
attract  a  large  quantity  of  iron^filings  the  same  as  a  magnet; 
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however  as  booo  as  the  connection  with  the  poles  of  the  battery 
is  broken  they  all  fall  of ;— indeed  the  galyanic  apparatus  itself 
has  the  same  property. 

Suppose  the  connecting  wire  to  be  in  a  vertical  position, 
then,  if  a  needle  be  placed  near,  that  has  its  directive  powers 
neutralized,. (that  is,  the  influence  of  the  earth  counterbalanced 
by  a  powerful  magnet  properly  disposed  for  the  purpose),  the 
needle,  however  placed,  will  remain  stationary  till  the  battery 
is  in  action,  and  then  will  arrange  itself  at  right  angles  with  the 
wire  :  or,  if  the  needle  is  at  a  distance  from  the  wire,  it  will  dis* 
pose  itself  at  right  angles  to  a  perpendicular  let  fall  from  the 
centre  of  the  needle  to  the  wire,  so  that  if  this  perpendicular 
be  conceived  to  be  the  radius  of  a  circle  surrounding  the  wire, 
the  needle  will  be  a  tangent  to  tbat  circle.  If  the  upper  end  of 
iht  wire  be  attached  to  the  positive  pole,  while  a  person  stands 
with  his  face  towards  the  wire,  the  needle  being  between  him 
and  the  wire,  the  north  pole  of  the  needle  will  be  to  his  left* 
hand.  But  should  the  negative  pole  be  uppermost,  then,  the 
north  pole  will  be  to  the  right  hand.  Mr.  Barlow  thus  states 
what  he  conceives  to  be  the  law  of  the  action  between  the  con- 
noting wire  and  the  needle :  **  Every  particle  of  the  galvanio 
fluid  in  the  conducting  wire  acts  on  every  particle  of  the  mag- 
netised needle,  with  a  force  varying  inversely  as  the  square  of 
the  distance ;  but  the  action  of  the  particles  of  the  fluid  in  the 
wire  is  neither  to  attract  nor  repel  either  poles  of  a  magnetic 
particle,  but  a  tangential  force  which  has  a  tendency  to  place 
the  poles  of  either  fluid  at  right  angles  to  those  of  the  other ; 
whereby  a  magnetic  particle,  supposing  it  under  the  influence 
of  the  wire  only,  would  always  place  itself  at  right  angles  to 
the  line  let  fall  from  it  perpendicular  to  the  wire,  and  to  the 
direction  of  the  wire  itself  at  that  point." 

The  above  fact  led  Mr.  Faraday  to  conceive  that  this  was  a 
tendency  to  rotatory  motion,  and  that  if  properly  suspended, 
the  needle  would  revolve  round  the  wire ;  and  he  findly  sue- 
ceeded  in  producing  such  a  motion,  so  that  either  pole  of  the 
magnet  revolved  round  the  wire;  or,  fixing  the  magnet,  he 
ceased  the  wire  to  revolve  round  it ;  or,  both  being  free,  they 
■mtnally  revolved  round  each  other ;  and  he  was  subsequently 
•naUed  to  produce  a  rotation  of  the  wire  by  the  mere  influence 
of  the  terrestrial  magnetism.  These,  with  some  other  facte 
deduced  from  experiments,  promise  to  connect  magnetic  mo- 
tkms  with  the  planetary ;  and  to  make  the  sciences  of  astronomy 
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and  magnetism  finally  elucidate  each  other.  Oar  limits  wiU 
not  permit  us  to  enter  more  at  large  upon  this  subject ;  bat 
what  we  have  said  will  serve  to  point  out  to  the  reader  a  most 
fertile  field  for  futore  discoveries ;  and  to  inform  the  yonng 
Aspirant  to  philosophical  honours,  that  he  need  be  under  no 
apprehension  lest  the  whole  of  the  laurels  should  be  reaped 
before  he  can  enter  the  list 

If  both  ends  of  the  conducting  wires  from  the  poles  of  a  gal- 
vanic battery  be  inserted  in  a  basin  of  quicksilver,  and  the  pole 
of  a  magnet  be  held  under  the  basin  opposite  one  of  the  wires, 
the  quicksilver  will  revolve  round  that  wire  forming  a  beautiful 
Tortex;  if  the  pole  be  held  under  the  other  wire  the  motion  will 
be  round  it,  but  in  the  opposite  direction;  in  each  case  an 
inversion  of  the  poles  of  the  magnet  reverses  the  motion.  Fix 
a  wire  vertically  that  has  a  loop  or  a  hook  at  the  end;  on  this 
loop  or  hook  suspend  another  wire,  of  a  few  inches  in  length, 
loosely  by  a  hook  at  the  upper  end;  then,  having  a  vessel  con- 
taining quicksilver,  let  the  lower  end  of  the  second  wire  just 
dip  beneath  its  surface,  and  let  one  wire  of  the  galvanic  appar 
ratus  be  in  contact  with  the  fijLed  wire,  and  the  other  commn- 
nicate  with  the  quicksilver;  then,  if  a  magnet  be  fixed  through 
the  bottom  of  the  vessel  perpendicularly  in  the  centre  of  the 
quicksilver,  or  if  the  quicksilver  be  in  a  shallow  vessel  as  a 
saucer  and  one  pole  of  the  magnet  be  held  under  its  centre, 
(provided  the  magnet  is  of  such  length  that  the  other  pole  does 
not  interfere,)  the  end  of  the  wire  in  the  quicksilver  will  revolve 
round  the  pole  of  the  magnet.  Should  the  poles  of  the  magnet 
be  reversed,  the  direction  of  the  motion  will  be  reversed;  or 
should  the  connecting  wires  of  the  battery  be  reversed  a  corres- 
ponding change  of  motion  will  ensue.  But  by  a  little  variation, 
the  rotation,  though  less  rapidly,  may  be  caused  without  the 
magnet  or  by  the  mere  terrestrial  influence.  Let  the  second 
wire  be  copper  or  platina  and  about  six  inches  in  length,  let 
its  lower  extremity  be  attached  to  a  piece  of  cork  so  as  to 
render  it  buoyant  on  the  quicksilver,  and  let  the  vessel  be 
about  10 in.  diameter;  then,  if  the  upper  wire  is  depressed  till 
the  lower  one  makes  an  angle  of  about  40  deg.  with  the  horison, 
it  will  revolve,  while  the  battery  is  in  motion,  as  it  would  do 
round  the  south  pole  of  a  magnet  By  a  further  variation  in 
the  apparatus,  which  we  could  not  well  explain  without  a  figure, 
the  wire  and  pole  of  the  magnet  may  be  made  to  revolve  round 
each  other,  reminding  us  of  the  motion  of  the  sun  and  a  planet 
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Geology. 


1.  Introduction.  2.  General  Features  of  the  Earth's  Surface.  3. 
General  Stratification,  Enumeration,  and  Disposition  of  the  Ma- 
terials composing  the  Earth's  Shell.  4.  Primary  Rocks.  5.  Tran- 
sition Rocks.  6.  The  Pennine  Chain.  7.  Metallic  Veins.  8.  Trap 
6r  Basaltic  Rocks.  9.  Volcanic  Products.  10.  Coal  Formations. 
11.  New  Red  Sandstone.  12.  The  Oolite  System.  13.  The  Chalk 
System.    14.  Strata  above  the  Chalk.    15.  Diluvium. 


1.    INTRODUCTION. 

There  are  four  sources  whence  we  draw  information  con- 
cerning the  stroctnre  of  the  earth :  viz.  revelation,  tradition, 
electro-chemistry,  and  observation  of  its  actual  stratification. 
The  first  is  contained  in  the  bible ;  the  second^  partly  in  the 
same  book,  and  partly  in  the  faint  glimmerings  to  be  observed 
in  the  earliest  profane  writers,  the  largest  mass  of  whose  evi- 
dence, contained  perhaps  in  the  least  space,  is  collected  in 
Leclerc's  notes  to  the  first  book  of  Grotius  concerning  the 
Truth  of  the  Christian  Religion ;  the  tkird,  we  principally  de- 
tailed in  the  first  and  second  sections  of  Chap.  XIV.;  and  the 
fourth,  will  form  the  principal  subject  of  the  present  chapter. 
The  parts  of  the  inspired  writings  bearing  on  this  question,  are, 
Chap.  I,,  the  17th  and  following  verses  of  Chap.  III.,  and  the 
latter  part  of  Chap.  VII.  of  the  Book  of  Genesis. 

With  respect  to  the  Mosaic  account  of  the  Creation,  it  may 
perhaps  be  necessary  to  premise,  that  the  design  of  the  Divine 
Lawgiver,  was  not  to  teach  Natural  Philosophy.  The  idolatrous 

3c2 


Digitized  by  VjOOQIC 


388  OEOLOOY. 

worship  of  the  heavenly  bodies  was  then  prevalent  in  the  world, 
and  the  Israelitish  Nation  was  to  be  kept  by  a  divine  inter- 
ference to  the  worship  of  the  true  God :  it  was  therefore  neces* 
sary,  in  the  first  place,  to  dhew  that  the  Supreme  Being,  whom 
they  were  enjoined  to  worship,  was  no  other  than  He  who  had 
made  the  sun,  moon,  and  all  the  host  of  heaven,  as  well  as  the 
earth  with  all  its  conveniences: — all  which  the  Egyptians  and 
surrounding  nations  worshiped,  and  with  whose  religious  rites 
the  Israelites  were  already  but  too  well  acquainted.  TTiis,  was 
a  sure  way  of  teaching  them,  the  great  disparity  between  the 
thing  created  and  the  Creator  ;  and,  consequently,  how  much 
more  worthy  of  their  homage  the  one  is  than  the  other.  But 
since  the  earth  was  then  under  a  curse,  and  man  was  condemned 
to  eat  bread  earned  by  the  swi^at  of  his  brow,  that  he  might 
iH>t,  by  having  his  mind  continually  oocvpied  in  this  pursuit, 
fofget  his  Creator,  to  whom,  notwithstanding  a  dtminution  of 
original  favour,  he  owed  all  his  evjoymenis,-— at  regularly  re- 
curring intervals  that  had  a  switable  oorresfwndenoe  with  hia 
powers  of  mind  and  body,  he  was  enjoined  «  eessaition  of  his 
toil,  in  order  that  he  might  renovate  his  piety,  call  to  mmd  hia 
derelictions  of  duty  ;  humble  himself  before  the  fearful  throne 
of  the  Almighty  Creator;  and  pay  the  tribute  of  a  grateful  heart 
for  his  kind  providence.  That  the  imposition  of  these  recurring 
intervals  might  not  seem  arbitrary,  he  is  shewn  that  there  is 
some  foundation  for  them  in  the  production  of  the  visible  uni- 
verse. For  in  six  periods  of  time  was  the  creation  of  this  world 
completed;  so  that,  in  the  next  succeeding  p^od,  the  Alaughty's 
peculiar  work  of  creation  being  ended,  He  had  rest,  that  is,  he 
AUspended  his  creative  energy  that  he  might  admire  what  be 
had  nuule.  Hence,  man  having  labowred  for  the  same  periods, 
or  periods  that  bear  a  great  analogy  to  them,  shonld  on  the 
seventh  cease  from  his  labour : — not  for  total  idleneas,  (for  the 
Almighty  never  yet  oeased  his  a^l-seeing  providence  and  sup- 
port of  his  works),  but,  to  contem|)iate  his  origin,  admire  the 
greatness,  and  adore  the  goodness  of  his  Creator. 

The  process  of  the  6rst  two  or  three  days  tveation  we  de- 
scribed in  the  first  and  second  sections  of  Chap.  XIV.  We 
have  therein  supposed,  that  the  mailer  of  which  oar  Solar  Sys- 
tem is  composed,  existed  im  ^e  state  of  simple  substances ;  oc- 
cupying a  space  in  the  universe  reaching  in  all  directioBs  firom 
the  sun  to  half  the  distance  of  the  nearest  £zod  stars,  or  as 
forming  a  chaotical  mass  of  not  less  than  38  millions  of  miUions 
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of  miles  ia  extent  Whea  this  was  created  we  hare  not  the 
lettst  intimation.  It  had  its  origin  from  God  : — but  how,  we 
know  not.  We  are  only  informed,  that  "In  the  beginning  God 
created  the  heaven  and  the  earth.  And  the  earth  was  without 
form  and  void;  and  darkness  was  opon  the  face  of  the  deep.'' 
With  respect  to  time,  then,  all  this  part  of  eternity  is  marked^ 
by  the  first  evening.  But,  now,  commences  our  time:  "And 
God  said.  Let  there  be  light:  and  there  was  light"  Here  then 
the  elementary  substances  began  to  combine,  and  were  imme- 
diately enveloped  in  a  flood  of  light,  the  produce  of  that  com- 
bination. "And  God  saw  the  light,  that  it  was  good'':— that 
is,  directed  the  process  to  fulfil  its  intended  purpose.  But  as 
space  is  unlimited  ;  and  as  we  are  assured,  by  the  innumerable 
WMiititudes  of  fixed  stars,  that  all  space  was  equally  pregnant 
with  matter;  so,  it  follows: — "And  God  divided  the  light  from 
the  darkness":  that  is,  caused  the  matter  of  our  Solar  System 
to  gravitate  towards  its  centre;  and  consequently  to  separate 
from  that  which  occupied  the  remaining  space,  and  of  which, 
kas  since  been  formed  the  fixed  stars:  or  it  might  be,  to  leave 
merely  an  empty  and  therefore  dark  space.  The  preceding 
darkness,  and  the  present  light,  tlierefore,  constituted  the  Jirtt 
day ;  in  imitation  of  which,  the  Jews  count  their  day  from  six 
o'clock  ia  the  evening. 

"  And  Grod  said.  Let  there  be  a  firmament  in  the  midst  of  the 
waters,  and  let  it  divide  the  waters  from  the  waters.  And  God 
made  the  firmament,  and  divided  the  waters  which  were  under 
the  firmament  from  the  waters  which  were  above  the  firmament^ 
aad  it  was  so:  And  God  caUed  the  firmament  heaven.  And 
the  evening  and  the  morning  were  the  second  day,**  It  is  only 
jueoessary  here  to  remark,  that  the  word  Jirmament  in  the  ori- 
ginal, means  eaq^amion,  or  extennon  of  space.  We,  therefbrCj 
cannot  have  a  plainer  description  of  this,  hitherto  aeriform  or 
fluid  Itoass  of  matter,  by  an  immediate  exertion  of  Infinite 
F«wer,  or  by  the  presence  of  the  Spirit  that  brooded  upon  the 
fiace  of  the  waters,  being  separated  into  difierent  masses: — the 
largest  for  the  sun  and  the  lesser  ones  for  the  planets*  In 
this  second  day,  we  have,  therefore,'  these  masses  instead  of 
gravitating  to  one  centre  as  in  the  first  day,  ooadensing  into  a 
Bumher  of  cometary  masses.  The  termination  or  breaking  up 
of  the  nebulosity  is  called  the  evening,  and  the  commenoement 
of  the  cometary  state  is  called  the  morning^ 

The  ikurd  day'«  work^  at  least  with  respeot  to  us,  was  wholly 
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confined  to  that  portion  of  matter  which  we  inhabit;  and  this 
includes  the  period  marked  ont  by  the  cometary  process,  de- 
scribed in  Chap.  XIV.,  s.  2.  At  this  period  our  Geology 
commences;  for,  now,  the  foundations  of  our  earth  are  laid. 
The  metals,  the  most  weighty  materials,  if  not  combining  first, 
at  least  gravitating  first  into  an  aggregate  mass;  and  it  will  ap- 
pear in  the  following  pages,  that,  when  the  most  weighty  metids 
are  found,  it  is  under  such  circumstances  as  induce  us  to  believe 
that  they  have  been  ejected  in  a  fluid  state  or  sublimed  from  a 
great  depth  during  volcanic  processes,  into  clefts  made  in  the 
external  strata.  The  density  of  the  earth,  also,  proves  that  its 
nucleus  must  principally  consist  of  these  metals,  since  the 
average  specific  gravity  of  its  shell,  or  that  part  of  its  surface 
of  which  we  have  any  knowledge,  is  only  2^,  while  the  whole 
mass  is  above  5 ;  so  that,  the  density  of  the  internal  parts  must 
greatly  exceed  that  of  the  external.  After  the  metals  were 
condensed,  the  respective  salts  of  the  metalloids  would  next 
form  the  rocky  strata  of  the  earth's  surface ;  and  when  the 
whole  was  a  little  cooled,  the  aqueous  vapours  would  begin  to 
condense  into  water,  and  envelope  the  solid  nucleus.  But  it  is 
evident,  that,  when  a  mass  of  matter  like  the  earth  cooled,  it 
would  shrink  to  a  very  great  degree;  and  being  composed  of 
very  heterogeneous  materials,  it  would  shrink  unequally.  An- 
other powerful  cause  would  operate  to  the  inequality  of  this 
process  : — the  uncombined  electric  fluids  would  be  so  abundant, 
that  different  portions  of  the  earth's  surface  would  be  continually 
shook  with  discharges  or  earthquakes,  which  would  produce  in- 
dentations. These  would  act  in  obedience  to  the  voice  of  God,  and 
would  occasion  the  waters  under  the  heaven  to  be  gathered  toge- 
ther unto  one  place,  and  would  permit  the  dry  land  to  appear; 
on  which  the  Almighty  Fiat  now  planted  the  vegetable  kingdom. 
"And  God  said.  Let  there  be  lights  in  the  firmament  of  the 
heaven  to  divide  the  day  from  the  night;  apd  let  them  be  for 
signs,  and  for  seasons,  and  for  days  and  years:  and  let  them 
be  for  lights  in  the  firmament  of  the  heaven  to  give  light  upon 
the  earth;  and  it  was  so.  And  God  made  two  great  lights,  the 
greater  light  to  rule  the  day^  and  the  lesser  light  to  rule  the 
night:  he  made  the  stars  also.  And  God  set  them  in  the  firma- 
ment of  heaven  to  give  light  upon  the  earth.  And  to  rule  over 
the  day  and  over  the  night,  and  to  divide  the  light  from  the 
darkness:  and  God  saw  that  it  was  good."  From  these  words 
we  might  be  led  .to  infer  that  the  earth  was  actually  created 
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before  the  sun  and  moon.  However » the  text,  according  to  the 
best  commentators,  does  not  sayso;  but  only  that  till  this  time  the 
earth  was  not  illaminated  by  the  snn  and  moon :  and  according 
to  this  interpretation,  oar  theory  and  the  sacred  text  perfectly 
agree.  For  in  the  fourth  day's  process  we  suppose  the  earth 
to  lay  aside  its  nebulosity,  or  cometary  state.  We  consider 
the  earth's  atmosphere,  hitherto,  to  have  borne  a  great 
similarity  to  that  of  the  sun  at  present;  and  its  luminosity 
to  have  been  constituted  by  a  great  abundance  of  combined 
electric  fluids,  which  by  their  combination  maintained  a  perma- 
nent oMTora.  Though  the  sun  and  moon  were  both  shining,  the 
latter  probably  like  the  earth  with  her  own  light  or  aurora ;  yet 
their  light  would  be  so  blended  with  the  earth's  own  light,  (hat 
there  could  be  no  distinction  of  day  and  night  Therefore, 
the  conclusion  of  the  cometary  state  formed  the  evening;  and 
the  commencement  of  the  planetary,  the  morning  of  the  fourth 
day. 

Fifth  day. — It  is  remarkable  that  no  living  creature  was  in- 
troduced upon  the  earth  till  this  great  superabundance  of  the 
uncombined  electric  fluids  subsided  ; — and  till  light  was  pro- 
perly adjusted.  Not  but  that  the  Creator  could  have  so  con- 
structed the  animals,  as  to  be  capable  of  enduring  this  state 
of  the  earth;  but  then,  their  constitutions  and  the  structure 
of  their  eyes  must  have  been  afterwards  altered.  It  is  no  less 
remarkable  that  what  would  have  been  destructive  to  animals, 
was  in  the  same  degree  conducive  to  the  growth  of  vegetables  : 
so  that,  the  world  would  be  well  stored  with  food  before  there 
were  any  mouths  to  require  it  ''And  God  said,  Let  the  waters 
bring  forth  abundantly  the  moving  creature  that  hath  life,  and 
the  fowl  that  may  fly  above  the  earth  in  the  open  firmament  of 
heaven.  And  God  created  great  whales,  and  every  living  crea- 
ture thatmoveth,  which  the  waters  brought  forth  abundantly 
after  their  kind,  and  every  winged  fowl  after  his  kind:  and  God 
saw  that  it  was  good.  And  God  blessed  them,  sayings  Be 
fruitful,  and  multiply,  and  fill  the  waters  in  the  seas,  and  let 
fowl  multiply  in  the  earth."  Of  the  fowls  of  the  air,  we  shall 
take  little  farther  notice ; — but  Geology  afibrds  ample  proof  of 
the  blessing  of  the  inhabitants  of  the  deep,  for  they  must  have 
abounded  beyond  all  conception,  since  we  find  whole  ranges  of 
mountains,  as  well  as  thick  strata  of  the  plains  in  some  cases, 
almost  entirely  composed  of  their  exuviae. 
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Sixth  day. — We  have  now  the  earth  in  a  fit  state  for  the 
habitation  of  terrestrial  animals ;  and»  no  sooner  is  it  fit  for 
them  than  they  are,  by  an  extension  of  the  same  creatiTe  energj^ 
brought  forth.  "  And  God  said.  Let  the  earth  bring  forth  the 
living  creature  after  his  kind,  cattle  and  creeping  thing,  and 
beast  of  the  earth  after  his  kind :  and  it  was  so.  And  God 
made  the  beast  of  the  earth  after  his  kind,  and  cattle  after  their 
kind,  and  every  thing  that  creepeth  upon  the  earth  after  his 
kind,  and  God  saw  that  it  was  good.''  We  have  now  completed 
a  third  step  in  the  rationale  of  the  creative  energy :  the  first 
being  the  concentration  of  matter ;  the  second,  the  imposing  on 
it  vegetable  life  ;  and  the  third,  the  reducing  of  it  under  obe- 
dience to  the  laws  of  animal  life.  But  an  exertion  of  a  different 
nature  is  yet  to  be  made  ;  and  a  different  form  of  expression  it 
accordingly  adapted,  plainly  pointing  out  a  wide  distinction  be- 
tween mere  animal  life,  and  the  principle  which  regulates  the 
action  of  that  being ^  who  was  to  have  dominion  over  the  othor 
creatures,  which  God  had  made.  "  And  God  said.  Let  as  make 
man  in  our  image,  after  our  likeness :  &c. — And  the  Lord 
God  formed  man  of  the  dust  of  the  ground,  and  breathed  into 
his  nostrils  the  breath  of  life,  and  man  became  a  living  soul." 

With  respect  to  the  question  whether  we  are  to  consider 
these  periods  of  evenings  and  mornings  as  consisting  of  24 
hours,  it  is  not  our  design  to  give  any  decisive  opinion.  It  is 
certain  the  first  two  cannot  be  considered  as  defined  by  the 
diurnal  revolution;^ since  the  sacred  text  declares  that  the  sun 
and  moon  were  not  created,  or,  at  least,  that  the  earth  was  no4 
enlightened  by  them.  If  we  consider  the  process  in  all  respeota 
the  same  with  the  concentration  of  our  present  nebulosities  and 
comets,  then,  we  must  certainly  allow  an  immense  period  to 
each  day ;  but  if  we  ascribe  the  creation  of  our  Solar  System 
to  a  more  peculiar  exertion  of  Divine  Power,  then,  it  would  be 
limiting  Omnipotence,  to  say  that  all  this  might  not  be  done  in 
the  short  space  of  six  of  our  days. 

We  have  now  traced  the  progress  of  the  divine  works  to 
that  period  when  the  Creator  rested  from  his  labour;  and  man, 
for  whom  this  labour  seems  to  have  been  principally  uttdar- 
taken,  is  placed  in  this  new  abode,  thus,  fashioned,  famished^ 
and  rendered  delightful  for  its  inhabitant.  The  question  that 
Ykttt  bears  on  Geology  is  Iftis  ;-^the  animal  kingdom  depends 
for  its  support  on  the  vegetable  kingdom,  and  this  again  on  tke 
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soil,  moisture,  air,  and  heat.      The  soil,  therefore,  is  what 
principally  concerns  ns.     If  it  was  thus  favourable  to  the  vege- 
table tribes,  may  we  not  look  for  a  suitable  correspondence  in 
its  composition?     But  we  have  the  most  positive  evidence  that 
the  arrangement  of  the  inhabitable  parts  of  the  earth's  shell, 
has,  since  the  creation,  been  completely  changed.     We  can, 
therefore,  only  expect  to  find  its  component  materials.     Now 
by  experiment  it  is  found  that  the  most  favourable  composition 
of  soil  for  the  growth  of  plants,  is,  about  4  parts  silica,  3 
clay,  2  lime,  and  1  magnesia,   sulphur,  soda,  potas,  and  oxide 
of  iron.     If  we  take  a  survey  of  the  materials  composing  the 
strata  that  seem  to  have  been  new  arranged  since  the  creation, 
we   shall  find  them   almost  entirely  composed  of  the   above 
ingredients;  and  as  nearly  as  we  can  judge  in  the  above  pro- 
portions.    At  the  creation,  then,  we  suppose  that  these  mate- 
rials  were   regularly   blended  in  one   thick  shell   or  stratum 
around  the  earth's  surface;  by  what  dreadful  calamity  they 
became  otherwise  we  now  proceed  to  enquire,  and  we  think 
there  are  some  intimations  of  it  in  the  following  texts.     *'  And 
unto  Adam  he   said.  Because  thou  hast  hearkened  unto  the 
voice  of  thy  wife,  and   hast  eaten  of    the  tree,   of  which  I 
commanded  thee,  saying  Thou  shalt  not  eat  of  it:  cursed  is  the 
ground  for  thy  sake ;  in  sorrow  shalt  thou  eat  of  it  all  the  days 
of  thy  life;  Thorns  also  and  thistles  shall  it  bring  forth  to  thee ; 
and  thou  shalt  eat  the  herb  of  the  field.     In  the  sweat  of  thy 
face  shalt  thou  eat  bread,  till  thou  return  unto  the  ground,  for 
out   of  it  wast  thou  taken  :  for  dust  thou  art,  and  unto   dust 
thou  shalt  return. — Therefore  the  J<ORD  GOD  sent  him  forth 
from  the  garden  of  Eden,  to  till  the  ground  from  whence  he 
was  taken.     So  he  drove  out  the  man;  and  he  placed  at  the 
east  of  the  garden  of  Eden  Cherabims,  and  a  flaming  sword 
which  turned  every  way,  to  keep  the  way  of  the  tree  of  life." 
The  curse  of  the  Creator  opposed  to  Uie  various  blessings 
pronounced  in  the  first  chapter;  and  the  "thorns  and  thistles,'^ 
meaning  all  weeds  or  noxious  plants  and  prickly  shrubs,  con- 
trasted with  the  ''  Every  tree  that  is  pleasant  to  the  sight,  and 
good  for  food,  the  tree  of  life  also  in  the  midst  of  the  garden  and 
the  tree  of  knowledge"  are  clear  indications  of  some  more  stu- 
pendous change  of  a  geological  character,  than  we  have  perhaps 
been  accustomed  to  consider  them.    The  cherubims,  and  the 
flaming  sword,  (sword-like  flame,  or  pointed-flame,  for  the  original 
word  will  bear  these  variations),  which  turned  every  way,  seem 
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to  be  intimaiions  of  some  dreadful  caAastropbe  of  an  igneous 
nature.  By  the  curse  and  the  destruction  of  the  pleasant  trees, 
is  perhaps  meant,  that  complete  revolution  of  the  earth's  exter- 
nal shell,  which  seems  to  have  taken  place  at  the  formation  of 
what  are  considered  the  oldest  rocks.  This  revolution  might 
principally  consist  of  local  or  partial  subsidences  of  the  earth's 
external  shell,  (as  explained  in.the  following  sections),  making 
deep  cavities  or  indentations,  into  which  were  swept  the  vast 
vegetable  produce  of  the  earth,  viz. "  The  pleasant  tree,"  &c.  &c. 
and  piled  in  alternating  beds,  with  the  earthy  materials. 

By  the  flaming  sword  we  may  understand  the  vast  valcanic 
processes,  of  which  we  have  abundant  proof  that  the  earth, 
since  the  creation,  has  been  the  theatre,  especially  while  the 
primary  and  transition  rocks  were  forming.  These,  as  wiQ 
afterwards  be  explained,  might  be  the  mere  result  of  the  above 
subsidences. 

The  length'  of  time,  the  above  process  would  require,  forms 
another  subject  for  our  consideration.  The  Sacred  Writings 
allow  a  space  of  1657  years.  Now  all  the  rocks  from  the  pri- 
maries to  the  New  Red  Sandstone,  we  consider  of  very  hasty 
formation.  The  organic  remains  by  which  they  are  chiefly 
characterized,  we  suppose  to  have  been  formed  in  the  third, 
the  fifth,  and  sixth  days  of  the  (creation,  and  therefore  prior  in 
one  point  of  view,  to  the  above  period.  Now,  as  we  suppose 
the  cur$€  and  its  consequent  calamity  to  have  almost  immediateiy 
succeeded  the  creation,  we  shall  have  the  principal  part  of  the 
above  period  of  1657  years  for  the  formation  of  all  tbc  rocks 
subsequent  to  the  New  Red  Sandstone;  a  space  of  time  we 
think  sufficient  for  the  whole;  and  at  the  conclusion  of  which, 
yre  consider  our  continents  to  have  been  fixed  nearly  in  their 
present  state. 

But  we  have  another  revolution  pointed  out  in  the  Saored 
Writings,  whose  vestiges,  though  not  indicative  of  so  tremen- 
dous a  catastrophe  as  the  above,  yet,  because  they  lie  on  the 
surface  of  the  other  are  more  apparent  The  one  alluded  to  is 
called  Noah's  Flood  or  the  Unh^snal  Debigef  and  its  prineipid 
evidence  is  considered  to  rest  upon  the  great  number  of  organic 
remains,  chiefly  contained  in  the  diluvial  beds  of  rivers,  and 
in  other  places  resting  upon  the  surface  of  the  formaticms, 
beneath  or  blended  with  the  diluvium.  These  remains  diAr 
from  those  imbeded  in,  or  forming  a  ocmiponent  part  of  Ae 
different  rooky  strata;  and  they  have  belonged  to  animab,  dif- 
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fering,  or  of  Bpecies  altogether  different  from  animals  of  the 
present  day.  The  agreement  among  Aemsehres>  and  their 
nnirersriity  are  such,  that,  as  Cavier  observes,  **  had  we  never 
heard  of  such  an  event  from  Seriptare  or  any  other  aathorityy 
(as  a  unwenal  dehge).  Geology  of  itself  must  have  ealled  in  the 
assistanee  of  some  sneh  catastrophe  to  exfdain  the  phenomena." 
In  presenting  the  above  interpretation  of  the  sacred  text,  £Eur 
be  it  from  the  writer  to  say  positively  that  this  was  actually  the 
process ;  or  that  the  evidence  of  the  authenticity  of  the  sacred 
writings  is  any  way  involved  in  the  stability  of  Ids  theory.  The 
Bible  contains  fiednt  glimpses  of  what  has  taken  place ;  but  the 
manner  how,  is  left  to  exercise  the  intellectual  faculties  of  man- 
kind ;  and  among  the  various  conjectures  that  have  been  formed, 
the  above  are  offered  as  those  of  ope  hiunble  individual.  The 
rage  of  a  certain  party  of  would-be-thought  philosophers  to  seise 
on  every  new  discovery  as  a  handle  against  Revelation,  and 
their  invariable  defeat,  form  a  very  conviseiag  proof  of  their 
Mental  dehuiott,  and  of  the  certainty  that  the  scripture  is  the 
word  of  God,  and  that  no  power  shaU  prevail  against  it.  While 
on  the  oontrary,  it  is  truly  painful  to  see  the  feverish  anxiety 
manifosted  by  some  sincere  Christians  on  the  announcing  of 
any  new  theory  of  nature,  lest  it  should  affect  the  grounds  of 
their  faith.  To  both  the  author  would  say  once  for  all,  that 
they  may  rest  assured,  that  Revealed  Religion  is  on  too  solid  a 
foundation  to  be  shook  by  any  system  of  Physics  however 
imid:  and  they  may  be  no  less  sure,  that  if  the  present  theory 
be  a  true  one,  it  will  eventually  add  another  arch  to  that  bridge 
which  will  finally  connect  natural  with  revealed  religion.  But, 
on  the  contrary,  should  it  be  false,  it  will  fall  to  the  ground  and 
be  fsrgotten;  whUe  Revealed  Religion  remains  unaffected, 
irmly  supported  by  its  own  proper  evidenee.  An  evidence 
amp^  sufficient  for  the  conviction  of  any  man  of  reflection  and 
upright  intentions ;  and  which  no  doubt  the  Creator  of  the 
human  mind  deems  suffieient  for  that  kind  of  probation  to  which 
it  pleases  him  that  man  should  be  submitted. 

%  OBlfERAL  FBATURBS  OF  THE  EARTH^S  SURFACE. 

If  we  take  a  geographical  survey  of  the  earth's  surface,  we 
shall  find  the  sea  covering  somewhat  more  than  two  thirds  of 
ttie  wh^  globe.  The  principal  part  of  the  land  is  divided  into 
Urge  eotttmeats,  disposed  as  it  were  on  the  opposite  aides  of 
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the  globe  to  counterbalance  each  other.  They  form  narrow- 
points  towards  the  south,  increasing  in  breadth  as  they  reach 
the  north,  till  their  bases  about  the  artic  circle  almost  join. 
This  occasions  a  much  greater  expanse  of  water  in  the  southern 
than  in  the  northern  hemisphere.  But  the  sea  is  found  to  be 
much  shallower,  or  at  least  in  most  parts,  in  the  former  than 
in  the  latter,  and  it  is  likewise  interspersed  with  innumerable 
islands.  As  far  as  can  be  deduced  from  the  observations  of 
navigators,  land  does  not  extend  to  either  pole,  but  at  each  pole 
is  supposed  to  be  an  immense  cupola  of  ice. 

Many  of  the  islands  in  the  Great  South  Sea  consist  oi  rocks 
of  coral,  which  are  formed  by  a  species  of  shell-fish,  and  which, 
in  length  of  time,  and  perhaps  by  the  subsidence  of  the  general 
level  of  the  sea,  are  elevated  above  the  surface  of  the  water,  and 
become  encrusted  over  with  soil  formed  by  the  united  action  of 
rain  and  the  atmosphere.  Sea  shelb  consisting  of  lime  and 
animal  matter  contain  the  basis  of  the  richest  soils.  Vegetable 
matter  with  the  excrement  of  birds  now  accumulates,  till  in  a 
few  ages  they  become  covered  with  trees  of  the  largest  growth, — 
when  at  length  man  here  fixes  his  abode  and  calls  himself  lord 
of  the  creation.  Captain  Cook  and  other  navigators  describe 
several  such  rocks  or  islands  as  in  the  act  of  forming  beneath 
the  surface  of  the  water,  rising  from  the  bottom  somewhat  in 
the  shape  of  a  mushroom,  which,  since  sounding  is  useless, 
make  the  navigation  very  dangerous.  Similar  rocks  abound 
also  in  the  Red  Sea,  which  spreading  along  its  bottom  give  a 
reddish  tint  to  the  water ;  whence  its  name. 

Islands  at  the  mouths  of  large  rivers  are  mostly  formed  by 
the  deposition  of  alluvial  matter,  washed  down  by  the  river, 
and  lodged  there  by  the  reaction  of  the  sea.  The  Delta  at  the 
mouth  of  the  Nile  is  of  this  kind,  and  it  is  said  the  sea  retires 
from  Rosetta  about  a  mile  in  40  years.  There  are  also  islands 
of  the  same  formation  at  the  mouth  of  the  Ganges,  the  Danube, 
the  Po,  and  one  recently  formed  at  the  mouth  of  the  Humber. 
The  island  of  Trinadad  at  the  mouth  of  the  Oronoko  is  chiefly 
of  this  formation,  as  well  as  a  great  part  of  the  adjoining  coast 
around,  and  between  that  river  and  the  Amazon.  But  the  river 
Mississippi  is  the  most  remarkable  instance  of  this  kind.  Such 
is  the  quantity  of  alluvium  brought  down  this  river  and  depo- 
sited in  its  channel,  that  it  may  be  actually  considered  as  run- 
ning along  the  top  of  a  hill ;  for  its  present  bed  is  24  feet  above 
the  adjoining  valleys.    The  base  is  three  miles  in  its  average 
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diameter,  and  reposes  on  swamps  which  are,  near  the  sea-shore, 
abont  9  feet  above  the  marshes.  This  alluvial  formation  extends 
350  miles  np  the  river.  Sach  is  the  quantity  of  drift  wood  and 
other  alluvia,  that,  in  one  of  the  branches  of  its  mouth,  several 
hundreds  of  miles  are  converted  into  solid  rafts ;  once  in  every 
two  or  three  years,  these  disappear — either  under  the  water  or 
sandy  alluvium.  But  they  are  continually  changing  the  bed  of 
the  river.  No  less  than  36  cubic  miles  of  alluvium  are  sup- 
posed to  be  annually  floated  down  this  river.  The  large  raft  in 
the  Red  River  is  60  miles  in  length  and  15  in  breadth.  In 
places  the  river  disappears  beneath  these  rafts,  and  afterwards 
rises  to  day ;  and  sometimes  they  are  buried  beneath  the  river : 
hence,  the  origin  of  coal  and  bitumiBOOs  substances.  Since  the 
discovery  of  America  the  mouth  of  this  river  has  retired  50 
miles.  Such  formations  as  this  are  not  uncommon  in  our  pre- 
sent continents  at  a  considerable  elevation  above  the  present 
level  of  the  sea. 

In  some  alluvial  tracts  the  annual  accumulation  may,  to  a 
certain  degree,  be  ascertained ;  thus  serving  as  geological  chro- 
nometers, by  which  we  may  in  some  measure  ascertain  how 
long  our  present  continents  have  been  in  existence.  This  is 
most  remarkable  in  the  alluvial  tract  at  the  mouth  of  the  Po. 
It  has  been  ascertained  to  have  a  regular  rate  of  increase  in  a 
century ;  and  the  line  of  the  original  coast  is  capable  of  being 
defined.  It  is  evident,  therefore,  that  the  length  of  time  in 
which  this  tract  has  been  in  forming  may  be  determined ;  and  it 
is  very  satisfactory  to  find  that  the  period  of  its  commencement 
is  that  which  we  assign  to  the  Noachian  Deluge. 

Another  cause  of  the  formation  of  islands  are  the  conflicting 
currents  or  tides  of  the  ocean.  The  Dogger  sand-bank  may  be 
adduced  as  an  instance  of  this  kind,  which  promises  finally  to 
rise  above  the  sea  and  become  habitable  earth.  Some  islands 
are  totally  the  work  of  submarine  volcanoes.  But  with  these 
few  exceptions,  islands  difier  nothing  from  continents,  being 
merely  hills  or  the  summits  of  primary  mountains  whose 
adjoining  valleys  are  lower  or  nearer  the  earth's  centre  of  gra- 
vity than  the  valleys  of  the  continents,  and  therefore  the  water 
finds  its  level  in  them.  The  largest  island  is  New  Holland; 
but  the  continents  are  equally  surrounded  by  water,  and  are 
therefore  islands  on  a  larger  scale. 

The  most  prominent  features  of  the  continents  are  the  movit- 
latu.   And  of  these  the  Himala,  lying  behind  our  possessions 
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in  the  East  Indies,  are  by  flar  the  most  lofty.  According  to 
Captain  Blake,  (thongh  the  acenracy  of  his  admeasnrements 
has  been  questioned),  the  highest  of  them  are  between  6  and  6 
miles  above  the  level  of  the  sea ;  almost  a  mile  and  a  half  higher 
than  Chimboraco  the  most  elevated  point  of  the  Andes,  which 
till  lately  was  considered  as  the  loftiest  pinnacle  of  the  globe. 
Little  is  known  of  the  geology  of  these  Asiatic  mountains,  ex- 
cept that  marine  shells  are  found  among  them  at  considerable 
elevations.  The  Andes,  in  many  respects,  are  the  most  impor- 
tant range  of  mountains  in  the  world.  They  run  the  whole 
length  of  South  America ;  and,  on  a  less  magnificent  scale, 
through  a  great  part  of  the  Western  side  of  North  America. 
Like  all  mountainous  regions  they  abound  in  volcanoes;  and  at 
more  of  the  precious  metals  have  been  found  among  the  Southern 
Andes,  than  among  all  other  mountains  put  together,  they  have 
consequently  become  the  most  known.  On  account  <^  their 
running  through  the  torrid  zone,  they  also  give  rise  to  the 
largest  rivers  in  the  world.  The  Alps  are  the  loftiest  moun- 
tains in  Europe.  The  most  extensive  range  in  Africa  are  the 
mountains  of  the  moon,  which  run  almost  entirely  across  the 
continent.  They  have  considerable  elevation,  but  the  exact 
height,  it  seems,  is  not  well  known; — that  part  of  Africa  being 
as  yet  unexplored  by  Europeans.  Mount  Atlas  has  consider- 
eleyation;  but  the  Peak  of  Teneriffe  is  the  most  exalted  point 
in  Aftica. 

Mountains,  in  a  geological  point  of  view,  may  be  divided  into 
three  classes; — the  primitive  and  volcanic;  the  transition;  and 
the  secondary.  But  these  distinctions  bear  no  relation  to  thev 
height;  since  granite,  which  is  the  chief  rock  in  all  primitives, 
is  found  at  very  low  levels  in  the  eastern  parts  of  North  Ame- 
rica, and  at  no  considerable  elevations  in  the  British  Isles. 
However,  with  respect  to  their  own  districts,  the  primitive  are 
invariably  the  highest.  In  most  cases  the  primitive  range  has 
a  parallel  range  of  transition,  as  it  were  either  surrounding  it 
or  within  it;  the  transition  has  also  parallel  ranges  of  secondary. 
The  transition  is  therefore  less  elevated  than  the  primitive,  and 
the  secondary  less  so  than  the  transition.  But  if  we  compare 
a  suit  of  these  ranges  in  one  part  of  the  world,  with  a  suit  is 
another,  we  shall  find  no  agreement;  though  the  three  orders 
generally  have  the  same  proportion  of  elevation  among  them* 
selves. 
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•NrV 


Tabk  of  heights  in  feet  from  the  level  of  the  Sea. 


West  end  of  the  Tarpean  rock 

151 

The  Palatine  HiU 

166 

Arthor'a  Seat,  from  Leith  pier 

head 

803 

Lake  Geneva 

1,230 

its  greatest  depth 

393 

Monnt  Vesurhis,  base  of  cone 

2,021 

Saddld>ack 

3,048 

Ben  Lomond 

3,180 

Skiddaw 

3,270 

Hdvellyn 
Gross  FeU 

3,324 

3,390 

Ptodle 

3,411 

Table  Mount  (Cape) 

3,454 

Scheballien 

3,461 

Snowdon 

3,^5 

Pennygant                  * 

3,930 

Mt.  VesuTins,  mouth  of  crater 

3,938 

Ingleboiough 

3,987 

Whemside 

4,050 

Ben  Nevis 

4,350 

Hecla 

4,887 

MoontJnra 

5,523 

Summit  of  the  Mole 

6,113 

Mont  Cems  a  la  poste 

6,261 

Monte  Velino,  Appennines 

8,397 

City  of  Gondar,  Abyssinia  8,440 

Canigou,  IVrenees  8,644 

Summit  of  Mount  Cenis  9,212 

Pic  du  Midi,  Pyrenees  9,300 
Quito                                       •    9,377 

Monte  \^so  9,997 

Glaciere  de  Buet  10,124 

Etna  10,954 

Pike  of  Teneriflle,  Borda  1 1,022 

Do.  old  estimate  15,084 

Pic  d' Ossana,  Pyrenees  11,700 

Aiguille  d*  Argentiere  13,402 

Ophir,  in  Sumatra  13,842 

MoDte  Rosa,  Alps  15,084 

Summit  of  Mont  Blanc  15,669 

Bnchincha  15,670 

Antisana  19,290 

Chimboraco  19,595 
Himala,  according  to  Blake 

Peak  without  a  name  21,935 
Cbandragiri,  or  Mouatain  of 

Moon  23,007 

Peak  without  a  name  24,108 

Swelagar  or  Nepal  25,261 
Dhwalagiri,  Ghasu  Coti,  or 

White  Mountun  28,015 


The  next  grand  feature  of  the  earth's  surface  are  the  Riven, 
The  origin  of  rivers  is  in  the  vast  evaporation  from  the  sea, 
earried  principally  to  the  mountains  hj  the  clouds,  and  there, 
by  causes  hereafter  to  be  explained,  the  vapours  are  precipi- 
tated in  rain.  A  great  deal  more  water  is  carried  over  the  land 
than  IS  needed  for  the  animal  and  vegetable  kingdom,  and  the 
superfluity  is  returned  to  the  sea  by  the  rivers.  The  quantity 
of  water  therefore  that  a  river  returns  will  depend  upon  three 
circumstances  : — namely,  the  height  of  the  mountain,  the  cli* 
mate  and  the  distance  from  the  sea.  The  last  circumstance 
principally  depends  upon  the  range  of  the  mountains;  for  when 
they  range  from  north  to  south  the  eastern  declivity  is  a  gradual 
slope,  while  the  western  is  steep  and  precipitous.  If  thej 
range  from  east  to  west,  then,  in  northern  latitude  the  northein 
declivity  is  a  gradual  slope,  while  the  south  is  steep;  and  riCA 
versi  in  southern  latitude,  (but  this  determination  is  by  no 
means  so  strongly  marked  as  in  the  former  case);  hence,  the 
rivers  on  one  side  of  such  mountains  must  be  long,  windiagi 
and  large ;  and  on  the  other,  short  and  rapid. 
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Of  all  the  large  rivers,  the  Amazon  eojoys  the  above  three 
advantages  in  the  most  eminent  degree,  and  is  consequently^  the 
largest  river  in  the  world.  Its  course  is  4000  miles,  and  it  dis- 
charges itself  into  the  Atlantic  by  a  channel  of  150  miles  in 
width,  so  that  its  width  is  almost  equal  to  the  length  of  oar 
largest  British  rivers. 

The  Himala  mountains  range  generally  from  east  to  west, 
and  therefore  the  southern  rivers  are  rapid.  Though  some  of 
them,  as  the  Ganges  and  Indus,  are  of  considerable  length;  yet, 
they  are  short  when  compared  with  the  northern  or  north- 
eastern rivers  from  the  same  mountains.  The  Ganges  has  a 
course  of  about  1400  miles;  but  it  must  be  observed  of  this 
river,  that  it  partakes  a  good  deal  of  the  easterly  direction.  It 
has  at  some  time  worked  its  way  through  the  Himala,  and  there 
forms  a  cataract,  which  is  upon  a  more  magnificent  scale  than 
the  more  noted  one  of  Niagara.  But  the  two  great  Chinese 
rivers,  the  Hoanho,  or  Yellow  River,  and  the  Kian  Ku,  that 
have  their  rise  on  the  northern  or  north-eastern  declivity  of 
these  mountains,  and  take  an  easterly  direction,  the  former  in- 
clining with  a  curve  to  the  *north  and  the  other  with  a  curve  to 
the  south,  and  then  discharging  themselves  into  the  Yellow  Sea 
within  100  miles  of  each  other,  are  said  to  dispute  the  pre- 
eminence with  the  Amazon  itself.  The  great  northern  rivers  of 
Asia  seem  to  be  little  known. 

The  most  noted  river  of  Africa  is  the  Nile.  It  takes  its  rise 
among  the  **  Mountains  of  the  Moon,"  which  run  from  east  to 
west  in  north  latitude ;  it  is  therefore  not  less  than  2000  miles 
in  length.  Next  to  it.  is  the  Niger,  which  has  its  rise  on  the 
western  coast  near  Sierra  Leone  among  the  north  west  branches 
of  what  perhaps  may  be  considered  an  extension  of  the  Moun- 
tains of  the  Moon.  It  appears  to  cross  the  centre  of  Africa, 
under  a  variety  of  names,  and  to  form  a  principal  auxiUary 
stream  of  the  Nile;  but  to  determine  this,  has  cost  the  Ufe  of 
many  an  enterprising  traveller. 

The  Wolga  is  the  largest  river  in  Europe,  and  its  course  is 
southerly,  apparently  forming  an  exception  to  our  rule,  but  not 
to  our  theory.  This  river,  as  well  as  the  Don  and  Dneiper,  has 
its  rise  in  the  extensive  forest  of  Volkonski,  which  extends 
almost  from  Smolensko  to  Moscow  :  after  winding  a  course  of 
2000  miles  the  Wolga  discharges  its  waters  into  the  Caspian. 
The  second  river  of  Europe  is  the  Danube ;  the  others  are  too 
numerous  to  particularize. 
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The  last  feature  of  the  earth's  surface,  which  we  shall  men- 
tioiiy  are  the  lakes.  These  are  indentations  or  subsidences  of 
the  surface  of  our  globe,  and  may  be  considered  as  occupying 
the  vast  gap  between  the  ocean  and  the  mere  bog.  If  the  in« 
dentation  is  connected  with  the  ocean,  as  the  Black  Sea  with 
the  Mediterranean,  or  as  the  latter  with  the  Atlantic,  it  is  called 
a  sea,  gulf,  or  bay.  If  it  is  no  otherwise  connected  than  by  a 
riyer,  as  the  great  American  Lakes  and  the  river  St.  Lawrenooi 
or  not  at  all,  as  the  Caspian  Sea,  it  is  then  considered  as  a 
lake. 

The  Caspian  Sea  is  said  to  be  at  a  lower  level  than  the 
ocean  by  306  feet,  and  its  waters  are  salt.  It  has  been  sounded 
with  a  line  of  450  fathoms,  and  no  bottom  found.  Within  the  last 
half  century  the  waters  have  risen  to  a  much  higher  levels  and 
have  consequently  made  great  inroads  on  the  adjoining  country. 

Next  to  the  Caspian  the  Lake  Superior,  North  America,,  is 
the  largest  inland  expanse  of  water  in  the  world.  The  surface 
of  its  water  is  at  several  hundreds  of  feet  above  the  sea  level. 
It  contains  many  islands,  one  of  which  is  above  100  miles  in 
length.  The  water  is  sweet  and  remarkably  clear,  and  is  sud 
to  rise  and  fall  3  feet  once  in  15  years.  A  similar  periodical 
change  has  been  observed  in  the  Caspian ;  but  it  completes  a 
revolution  in  one  quarter  of  the  time. 

It  would  far  exceed  our  bounds  to  particularize  all  the  prin- 
cipal lakes.  Their  formation  may  in  general  be  ascribed  either 
to  the  subsidence  of  an  old  volcano,  or  to  partial  subsidences  of 
the  earth's  surfece,  surrounded  by  a  t*ock  of  too  compact  a. 
structure  for  the  water  to  abrade  or  perforate.  For  lakes  with 
mineral  waters,  see  index. 

3.  obkeral  stratification,  bnvmeration,  and  dispo- 
sition of  the  materials  composing  the 
earth's  shell. 

Our  actual  knowledge  of  the  earth's  internal  structure  and 
oomposition  is  very  limited,  being  only  what  we  derive  from 
these  three  sources :  viz.  mines,  the  excavation  of  rivers,  and 
the  identification  of  the  outcrops  or  bassets  of  strata.  The 
deepest  mine  in  the  world,  which  is  that  of  Truttenberg  ill 
Bohemia,  is  only  1000  yards  below  the  surface,  while  to  the 
eiurth's  centre  is  4000  miles.  The  deepest  mine  in  England,  a 
copper  mine  at  Ecton,  Staffordshire,  is  only  472  yards;  and  the 
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deepest  coal  mines  in  Northumberland  and  Durham  do  not 
much  exceed  400  yards.  We  know  nothing  of  the  depth  of 
volcanoes ;  but  as  they  eject  no  substances  which  do  not  come 
under  our  daily  observation,  we  derive  no  additional  informa- 
tion from  that  source.  The  excavations,  caused  bj  the  course 
of  rivers,  often  lay  bare  strata  of  rock  that  are  far  beneath  the 
surface  of  the  adjoining  plains  or  mountains,  and  so  far  discover 
the  earth's  internal  structure.  But  the  source  of  the  most  ex- 
tensive knowledge,  and  that  which  constitutes^  the  foundation 
and  superstructure  of  the  science  of  Geology,  is  the  indetuyica' 
Hon  of  strata. 

So  far  as  roan  actually  knows  of  the  earth's  internal  structnrey 
it  consists  of  strata  of  different  kinds  of  rocks,  overlying  each 
other,  though  seldom  or  ever  horizontally ; — for  it  is  invariably 
found,  that  an  under  stratum  of  one  district,  at  a.certain  dis* 
tance  in  another,  rbes  to  the  surface  (provided  the  latter  is 
more  elevated)  and  becomes  the  external  stratum.  It  is  then 
said  to  crop  out  or  hoiiet.  The  angle  which  this  stratum  makes 
with  the  horizontal  plane  is  called  the  inclinatvm  or  dip.  The 
primary  rocks  are  generally  almost  perpendicularly  stratified ; 
the  transition  are  often  so,  and  are  besides  variously  arched^ 
contorted,  or  crumpled  together ;  but  the  secondaries  in  some 
places  almost  approach  the  horizontal  stratiGcation.  Howerer, 
such  is  the  disturbed  state  of  the  strata  in  certain  places  among 
the  latter,  and  apparently  of  the  undisturbed  among  the  two 
former,  that  there  are  instances  of  perpendicular  strata  of  the 
latest  secondary  formations,  as  in  the  London  Clay  of  the  Isle 
of  Wight,  as  well  as  of  nearly  horizontal  strata  in  the  primary 
or  transition,  as  in  the  Old  Red  Sandstone  in  some  parts  of 
Scotland.  It  is  admitted  that  all  strata  have  been  formed  hori- 
zontally ;  how  they  became  otherwise,  is  the  object  of  specula* 
tive  geology  to  teach. 

We  have  two  means  of  identifying  a  stratum  or  rock:  vis.  its 
internal  arrangement  and  compontioH, — and  its  organic  retnams. 
Now  if  we  find  a  certain  rock  at  the  surface,  or  at  a  short  depth 
beneath  the  soil,  for  instance  about  the  centre  of  England,  of 
a  certain  structure  and  composition,  or  internal  and  external 
appearance,  containing  certain  organic  remains,  which,  we 
know  no  other  rock  in  England  contains;  and  we  find  in  France 
a  rock  of  the  same  structure  and  composition  or  internal  and 
external  appearance,  accompanied  by  the  same  organic  remains, 
the  subjacent  and  superincumbent  rocks  in  each  place  being  the 
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■ama ;  mad  if  at  interreniBg  places  in  sinking  welb  or  pits,  in 
the  deep  excavations  of  rivers,  or  in  the  cliffs  that  line  the 
coasts  of  the  interjacent  sea,  the  same  rocks  with  the  same 
oiganic  remains  be  found,  though  in  each  place  the  inclination 
of  strata  or  the  elevation  above  the  sea  level  widely  differ^ — 
we  conclude  that  rock  to  belong  to,  or  to  be  a  continuation  of, 
one  and  the  same  formation. 

With  respect  to  the  organic  ramains; — they  are  not  indiscrimi- 
nately dispersed  throughout  the  rock  formations;  but  are  disposed 
as  it  were  in  families;— each  formation  containing  an  association 
of  species  in  many  instances  peculiar  to  itself,  partially  di£fer- 
ing  from  those  in  the  adjoinging  formation,  and  widely  differing 
from  those  of  a  more  distant  one.  And  these  accompany  it 
throughout  its  course,  so  that,  at  whatever  distinct  points  of 
the  same  formation,  we  are  sure  of  meeting  the  same  general 
assemblage  of  fossil  remains.  In  comparing  these  remains 
with  the  animals  and  plants  which  at  present  occupy  the  waters 
or  cover  the  face  of  the  earth,  we  find  a  great  part  of  the  genera 
and  a  vast  majority  of  species  entirely  different  Indeed  with 
the  exception  of  those  contained  in  the  most  recent  bed,  (the 
crag,)  nine  out  of  ten  fossil  shells  belong  to  species  not  now 
known  to  exist. 

The  organic  remains  may  not  improperly  be  assorted  into 
four  aeras,  though  each  of  these,  except  the  last,  must  include  a 
number  of  ages.  The  Jint  mm  occupies  the  space  between  the 
primary  rocks  and  the  new-red-sandstone.  In  the  transition  we 
find»  though  very  sparingly,  corals,  encrinites,  and  testacea, 
with  a  few  imperfect  vegetable  impressions.  Neaiiy  the  same 
aboond  in  the  mountain  limestone,  and  they  disappear  in  the 
ooal  strata  that  rest  upon  it;  but  here  occur  abundance  of  vege- 
i$kle  remains,  vis,  ferns,  flags,  reeds,  and  trees,  all  of  unknown 
qpecies.  The  magnesian  limestone  rests  on  the  coal  and  con- 
tnna  marine  remains  somewhat  peculiar  to  itself.  The  tecond 
»rm  commences  with  the  lias  and  ends  with  the  chalk ;  it  in- 
itedes  a  number  of  ages  as  determined  by  the  regular  gradation 
of  its  organic  remains.  To  different  species  of  the  above,  we 
have  added  Crustacea,  vertebral  fishes,  and  marine  oviparous 
quadrupeds.  The  tkird  aora  commences  with  the  plastic  clay 
and  ends  with  the  upper  marine.  It  also  includes  two  or  three, 
ages,  and  contains  a  vast  multiplication  of  species  of  a  few 
genera  of  the  second  asra — ^with  species  of  a  few  genera  that 
no^  exist.    And  though  we  have  in  this  lera  intervening  beds 
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of  fresh  water  formations ;  yet,  we  seem  to  have  the  remaina  of 
no  higher  order  of  animals,  than  amphibia.  The  famrtk  sera  is 
narked  by  the  remains  of  numerous  land  quadrupeds  of  unknown 
species,  mixed  with  strata  of  gravel,  indiscriminately  covering 
all  the  formations,  and  having  every  character  of  being  the  re- 
sult of  a  general  deluge. 

The  science  of  Geology  is  as  yet  but  in  its  infancy;  and  the 
only  part  of  the  earth's  shell  in  which  the  arrangement  of  strata 
has  been  reduced  to  any  thing  like  a  system,  is,  the  part  inGlude4 
within  what  has  been  denominated  the  Great  Basin  of  Western 
Europe.  This  basin  is  included  on  the  north  by  the  Scotish 
Grampians  and  Highlands,  on  the  west  by  the  mountains  of 
Cumberland,  thence  ranging  along  the  Welch  mountains  by 
Devonshire  and  Cornwall.  From  England  it  crosses  tlw  British 
channel  to  Betagne,  La  Vendee,  and  the  Pyrenees.  The  Alps 
form  the  eastern  boundary,  to  the  north  of  which,  the  baaiB 
eoLtends  into  Eastern  Europe.  The  northern  boundaries  take 
in  the  mountains  of  ^Finland  and  Norway.  We  do  not  sappean 
that  this  circuit  was  ever  a  complete  range  of  primary  mouK 
tains,  or  formed  the  actual  edge  of  one  great  subsidence ;  hot 
thai  it  is  composed  of  the  edges  and  even  centres  of  aumy  siri^ 
sidences;  and  generally  includes  a  space  occupied  by  trassitiott 
and  secondary  rocks;  the  latter  principally  extending  throvgh- 
out  the  whole  area. 

Within  the  range  of  the  primary  mountaiDS,  is  the  tranaitiott 
range ; — viz.  the  Cheviot  in  the  south  of  Scotland.  The  priMary 
and  transition  of  Cumberland,  Wales,  Devonshire,  and  Cora- 
wall,  seem  often  intermixed  in  one  irregular  range.  Bnft 
having  traced  the  general  outline,  wo  must  refer  the  reader  ta 
the  geological  map  for  what  tiie  basin  may  be  said  to  contain^ 
This  map  represents  a  western  comer  of  the  hasin ;  but  thsi 
remaining  part  of  it  occupying  France  and  .Germany,  contains, 
nearly  the  same  materials,  and  arranged  in  the  same  order  sine 
above  another.  Only  the  fonnations  in  different  places  gread]^ 
differ  in  thickness,  and  some  of  them,  with  minor  strata  of  Hm 
whole,  sometimes  thin  out  and  totally  disappear.  Though  cei-^ 
tain  of  them  always  retain  their  parsllelism,  or  the  same  iBals« 
nations  to  each  other,  yet  the  whole  series  as  taken  at  difiereat 
points  in  the  basin,  are  inclined  at  all  angles  from  Aat  of  tfm 
nearly  horisontal  to  the  vertical. 

The  bottom  of  this  basin,  a&  it  regards  England^  is  at  Lon- 
don;  there  being  ho  fovmation  of  any    considerable  extent 
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poftenor  to  the  London  daj.  This  is  called  the  London  hasin, 
and  its  strata  are  nearly  horizontal.  But  the  same  formation 
is  fonnd  in  the  Isle  of  Wight  and  the  adjoining  Hampshire 
coast,  where  its  strata  are  nearly  vertical.  This  must  have 
been  occasioned  by  a  partial  subsidence  posterior  to  the  forma- 
tion of  the  London  clay; — and  it  forms  what  is  called  *'  the  Isle 
of  Wight  basin."  Paris  is  situated  at  the  centre  of  another 
basin,  which  seems  o  agree  with  that  of  the  Isle  of  Wight;  and 
there  are  several  others  of  the  same  age  and  character;  so  that 
these  may  be  considered  as  smaller  baattts  within  the  larger, 
(see  Fregk'Wmter  formations). 

For  an  enumeration  of  the  contents  of  the  larger  basin,  we 
refer  the  reader  to  the  map;  informing  him  that  geologiata 
have  supposed,  that  if  we  were  to  descend  perpendicularly  into 
the  earth  at  London,  or  through  the  formation  D,  we  should 
perforate  all  the  formations  in  the  order  in  whieh  they  .are 
placed,  till  we  finally  arrive  at  a  or  granite,  below  which  man 
has  never  penetrated.  However,  it  is  not  supposed  but  thai 
some  of  these  might  be  wanting,  particularly  those  between 
Q  and  V,  and  between  V  and  Z.  Therefore,  if  we  could  re- 
move the  formations,  each  would  be  a  distinct  basin.  They 
may  consequently  be  considered  as  so  many  basins  of  different 
siaes  placed  within  each  other ;  and  London  or  Paris  may  be 
assumed  as  the  point  at  which  man's  knowledge,  in  the  direction 
of  the  earth's  centre,  is  the  most  extended.  Bake  well  supposes 
its  depth  to  be  about  8  miles. 

A  person  travelliDg  from  London  to  Cornwall,  to  Wales,  to 
Cnmberland,  or  to  Scotland,  must  evidenUy  pass  over  the  out 
edges  of  the  above  basins,  or  the  outcrops  of  all  the  formations^ 
and  the  map  represents  them  as  they  appear  at  the  surfeM^e. 
Now  it  msst  be  recollected  that  the  map  does  not  illustrate  the 
comparative  thiekaess  of  the  formations,  but  rather  their  incH- 
natkm  or  dip :— for^  supposing  a  stratum  of  100  feet  thick — if 
vertical,  it  will  only  Uam  a  zone  of  100  feet  in  width,  but  if  it 
be  nearly  horisontal,  it  may  extend  many  miles. 

Having  premised  so  much  respecting  the  materials  and  their 
disposition  in  this  basin,  we  now  come  to  a  more  perfect  de- 
velopement  of  its  probable  formation.  For  this  purposci  we 
revert  to  (he  original  state  of  the  earth,  when  it  was  jnsi 
emerging  from  its  cometary  form,  and  the  waters  were  gathered 
into  one  place  and  the  dry  land  appeared.  Now  supposing  the 
earth  so  round  that  aU  paits  of  ks  surfase  (aHowanoe  being 
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made  for  its  spheroidal  shape)  were  at  an  equal  distance  from 
its  central  point  of  gravity  ;-~bnty  being  composed  of  hetero- 
geneous substances,  which  contracted  while  cooling,  unequally, 
and  also  of  substances  of  different  conducting  powers,  which 
discharged  the  electricity  in  shocks,  like  our  present  earth- 
quakes, we  should  then  have  indentations  made  in  the  earth's 
surface  into  which  the  waters  would  drain.  Supposing  these 
indentations  bore  the  same  ratio  with  respect  to  level,  that  our 
present  seas  bear  to  the  less  elevated  parts  of  our  continents; — 
now  as  the  earth's  surface,  by  reason  of  its  being  cooled  in  the 
presence  of  violently  agitated  water,  must  have  been  less  com- 
pact than  at  present,  into  these  indentations  would  be  washed 
vast  quantities  of  earthy  materials,  which  would  give  a  waved- 
like  appearance  to  the  stratification.  The  bottoms  of  these 
seas  now,  became  stocked  with  shell-fish,  and  these  mixed  with 
other  matter  laid  the  foundation  of  our  primary,  transition,  and 
mountain  limestone.  The  continents  likewise  became  thickly 
beset  with  the  vegetable  kingdom,  but  were  also  interspersod 
with  lakes,  into  which  the  vegetable  substances,  perhaps  in  the 
manner  of  some  of  our  present  peat  bogs,  were  carried.  While 
things  were  in  this  state  the  great  revolution,  constituting  ike 
Curse,  as  stated  sec.  1,  took  place. 

Now  supposing  this  to  consist  of  a  great,  but  uniform,  thoii^^ 
not  simultaneous  concentration  of  the  terrestrial  mass  :  or»that 
the  continents  now  subsided  generally,  till  the  parts  not  previ- 
ously disturbed,   were  at  an  equal  distance  from  the  ceBtnl 
point  of  gravity,  with  the  original  bottom  of  the  indentations. 
It  is  evident  that  the  places  of  the  original  indentations  must 
have  all  the  materials  upon  them  which  had  been  swept  into  the 
cavities,  with  all  the  spoils  of  the  inhabitants  of  the  deep.  Th^ 
must  therefore  exhibit  considerable  excrescences  on  the  sutCmo 
of  the  globe,    constituting  considerable  ridges  or  mountayi 
ranges.     In  this  manner,  may  have  been  formed,  the  class  of 
rocks  belonging  to  the  first  sera  of  organic  remains.    Hie  con- 
tinents must  then  have  changed  place  with  the  sea,  and  cooae- 
quently  none  of  the  earth's  primitive  surface  is  now  remaining. 
But  as  we  have  supposed  the  first  indentations  to  contain  a 
large  quantity  of  diluvial  matter  as  well  as  the  weight  of  the 
water,  and  dl  this  supported  by  a  mere  shell,  resting  upoa 
a  fluid  nucleus,  it  is  evident  that  on  the  continents  the  in- 
ternal fluid  matter  would  only  have  the  weight  of  that  omst 
to  support,  while  the  same  matter  beneath  the  sea,  would 
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have  tlie  weight  of  all  that  ocean  and  its  contents  to  sustain* 
In  snch  a  concentration  as  the  above,  may  we  not  suppose  that 
die  seas  and  their  load  wonid  partly  press  into  the  floid  nucleus, 
and  force  it  up  round  the  edges  of  those  seas?  And  would  not 
^e  expressed  matter  be  in  Uie  form  of  our  granitic  tocks,  that 
Is  unstratified,  while  the  others  which  were  originally  stratified 
horizontally,  would  by  such  subsidences  have  their  strata 
inclined  at  all  angles?  But  as  all  this  would  be  accompanied 
with  all  the  dreadful  concussions  of  earthquakes,  that  is,  with 
inconceivably  great  discharges  of  electricity  through  the  whole 
mass; — may  we  not  expect  to  find  the  rocks  of  this  aera,  as  we 
certainly  do  find  them,  in  the  greatest  possible  confusion,  bro- 
ken^'through  as  by  electric  shocks,  contorted,  crumpled,  rent, 
and  full  of  clefts  and  caverns? 

But  supposing  the  above  revolution  caused  a  complete  change 
of  the  earth's  suface,  and  the  primary  mountains  still  resting 
on  a  heated  nucleus,  the  waters,  (seeking  the  surface  of  the 
primitive  continents  where  they  were  not  elevated  by  a  forcing 
aside  of  the  fluid  nucleus,)  would  farther  destroy  the  balance 
of  the  earth's  gravity,  and  acting  as  it  were  on  the  long  arm 
of  the  lever,  would  produce  other  subsidences,  and  would 
cause  the  solid  shell  to  give  way  again  among  the  primary  and 
transition  ranges.  But  as  we  must  now  suppose  the  earth  to 
be  solidified  to  a  greater  depth,  that  matter  which  these  pressed 
out  must  come  from  a  greater  depth  than  the  granite  came  from. 
These  then  produced  the  serpentine,  syenite,  the  metallic  veins 
and  those  trap  formations,  which  pervade  the  rocks  of  the 
first  »ra. 

But  among  the  primaries  thus  formed,  we  do  not  suppose 
that  any  have  maintained  their  original  elevation.  The  Himala 
are  little  known,  so  that  the  Alps  perhaps  have  been  the  most 
stationary,  since  granite  is  found  at  the  top  of  Mont  Blano 
16,686  feet  high,  while  it  is  not  higher  among  the  Andes  than 
11,500  feet,  the  rest  being  syenite,  porphyry  and  volcanic  mat- 
ter; while  the  primary  mountains  in  North  America  are  little 
above  the  sea-level,  and  others  no  doubt  have  finally  disap* 
peared  beneath  the  ocean.  We  have  what  amounts  in  a  geo* 
logical  point  of  view  to  positive  proof,  that  the  British  continent 
has  subsided  a  great  deal  below  its  pristine  level.  This  proof 
is  as  follows: — the  oolite  on  Mount  Jura  has  an  elevation  of 
4000  feet,  while  in  England  it  does  not  reach  1200  feet.  Now 
according  to  every  geological  theory,  these  were  deposited 
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from  the  same  flood  and  at  the  same  time;  and  conseqaentlj  tt 
the  same  level,  forming  the  bottom  or  lining  of  the  same  sea. 
The  middle  of  that  sea  or  intervening  space  has  greatly  shrank, 
(witness  the  rents  of  Auvergne  ?)  and  the  western  boundary 
has  been  involved  to  a  less  degree  in  the  same  effect,  while  die 
eastern  limits  have  remained  nearly  stationary. 

We  have  yet  to  mention  what  are  called  iUpi.  These  are 
chiefly  found  in  rocks  of  the  first  sera,  and  consist  of  clefts 
reaching  across  or  along  the  mountain.  Such  clefts  seem  to 
have  extended  to  the  fluid  nucleus,  and  when  the  subsidence 
was  taking  place,  one  side  of  the  rock  sunk  deeper  than  the 
other,  or  one  subsided  while  the  other  remained  stationary* 
These  slips  almost  always  accompany  metallic  veins,  and  whin* 
dykes,  thoagh  they  are  very  common  where  there  has  been  no 
ejection  from  beneath.  In  Derbyshire  is  a  slip  in  the  mountain 
limestone,  where  one  side  of  the  rent  has  subsided  900  feet 
Many  awful  precipices  in  all  the  formations  of  the  first  asra  are 
to  be  attributed  to  such  slips.  Now  all  geologists  agree  that 
either  one  side  must  have  sunk  or  the  other  must  have  been 
exalted.  Though  we  might  perhaps  find  force  sufficient  to  exalt 
it;  yet  when  it  was  raised,  we  perhaps  might  find  some  diffi- 
culty in  introducing  a  support  to  retain  it  there : — since  that 
very  force  which  exalted  it,  would  eqaally  oppose  the  entrance 
beneath  of  all  other  matter;  or  rather,  the  mountain  itself 
would  press  with  a  greater  power  than  any  foreign  body.  The 
same  reasoning  will  apply  to  the  primary  mountains,  which 
have  sometimes  been  said  to  have  been  elevated  by  an  internal 
volcanic  force. 

We  are  now  arrived  at  the  period  when  the  rocks  of  the  first 
»ra  only,  formed  the  earth's  surface,  and  we  suppose  the  pro- 
portion between  land  and  water  might  be  nearly  as  at  present. 
The  situation  of  the  Atlantic  ocean  might  therefore  be  occupied 
by  an  immense  continent  of  primary,  transition,  and  Pennine 
rocks ; .  the  coal  measures  might  form  the  sea  shore,  the  se* 
would  consequently  overflow  nearly  all  Europe,  (or  we  should 
have  our  basin  filled  with  water,)  and  the  new-red-sandstone  or 
red  inarie  would  form  its  bottom.  Now  supposing  many  sub- 
sidenoes  to  take  place  successively  in  this  Atlantic  eontiiiMil, 
ejecting  vast  quantities  of  liquid  matter  each  time,  while  die 
■ea  was  each  time  making  fresh  encroachment  upon  it.  The 
water  would,  therefore,  carry  away  a  great  deal  of  those  mmle- 
rlals^  apd  deposit  them  in  the  Europeati  basin,  would  UkuM 
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ibrm  each  series  of  rocks  in  the  two  following  aaras,  commencing 
with  the  lioi  and  ending  with  the  London  clay.  But  at  the  same 
time  that  these  continents  subsided,  they  would  make  deep 
indentations  on  the  earth's  surface,  into  which  the  sea  would 
rash;  consequently  the  surface  of  the  sea  would  sink  to  a  lower 
level,  and  would  recede  from  its  shores  with  instantaneous 
subsidences,  carrying  vast  quantities  of  the  looser  materials 
along  with  it,  and  scooping  out  deep  trenches  on  the  earth's 
surface.  Now  after  one  subsidence  had  taken  place,  as  it  might 
be  some  time  before  another  succeeded,  the  lias  for  instance, 
would,  for  a  certain  period,  form  the  bottom  of  the  sea  as  well 
as  some  part  of  the  shore;  hence  its  peculiar  organic  remains. 
These  secondary  formations  would  be  originally  deposited 
each  at  a  lower  level  than  the  one  immediately  preceding  it,  and 
they  would  form  a  regular  slope  from  the  new-red-sandstone 
downwards.  But  several  of  them  now  form  a  range  of  hills, 
at  a  much  higher  elevation  than  the  adjoining  older  ones  on 
which  they  rest:  for  instance,  the  inferior  oolite  presents  a 
bold  and  precipitous  escarpment  along  the  lias.  This  would  be 
a  natural  result  of  the  difference  of  chemical  attraction  existing 
among  the  component  materials.  The  lias  is  composed  chiefly 
of  alumina  and  Ume,  which  have  a  much  less  affinity  for  each 
other  than  silica  and  lime,  the  component  materials  of  the  oolite. 
Therefore,  previously  to  the  ocean  retiring  from  these,  the 
oolite  would  be  agglutinated  into  a  firm  rock,  while  the  lias 
would  remain  a  mere  loose  puddle ;  consequently,  the  lias  to  a 
great  depth  would  retire  with  the  receding  ocean,  while  the 
oolite  retained  its  ground.  In  like  manner  were  probably  formed 
the  secondary  features  of  the  earth's  surface ;  viz.  the  undula- 
tions of  hill  and  dale  which  diversify  the  secondary  districts, 
and  serve  as  channels  for  small  rills  and  rivulets;  while  the 
trunks  of  the  chief  rivers,  though  assisted  by  this,  seem  to  owe 
tbeir  particular  determination,  to  local  subsidences  of  the  sur- 
face. 

-  Thus,  we  have  supposed  the  primary  and  transition  rocks  to 
have  been  thrown  together  in  the  presence  of  heat,  while,  those 
of  the  second  sera  were  never  affected  by  heat  since  their 
deposition  from  water.  The  former  would  therefore  retain 
some  of  this  heat  till  after  the  latter  were  deposited,  and  as 
they  gradually  lost  it,  they  would  shrink  or  subside :  they  there- 
fore do  not  keep  their  original  elevation,  with  respect  to  the 
secondary.    Hence  orriginated  the  deep  indentations,  and  the 
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lines  of  lakes,  that  invariably  occapy  the  space  between  the 
transition  and  secondary  ones.  It  has  long  been  an  established 
fact  among  naturalists,  that  the  highest  mountains  lose  a  foot  of 
their  elevation  every  century. 

On  no  other  theory  have  the  presence  of  blocks  of  granite 
found  on  the  top  of  Mount  Jura,  and  in  other  like  situations, 
been  accounted  for.  Jura  is  a  secondary  range,  and  no  granite 
of  the  same  kind  ia  nearer  than  the  top  of  the  Alps,  separated 
from  Jura  by  the  valley  and  lake  of  Geneva.  The  Alps  must 
therefore  have  subsided  while  Jura  remained  stationary;  and 
thus  destroyed  the  slope  from  the  top  of  the  Alps  to  the  top  of 
Jura;  or,  Geneva  had  been  a  primary  and  volcanic  mountain 
which  has  now  subsided.  Blocks  of  granite  have  been  found 
on  the  southern  shores  of  the  Baltic,  and  even  in  England, 
where  no  parent  rock  is  nearer  than  the  northern  side  of  the 
Baltic.  Our  inference  is,  that  the  North  Sea  and  the  Baltic 
have  been  the  stations  of  primary  mountains,  whose  summits 
formed  a  regular  inclined  plane  to  the  places  where  these  blocks 
are  ^ow  found.  We  might  multiply  examples  in  England, 
especially  about  Warwickshire,  and  southward,  of  blocks  both 
of  primary  and  secondary  formations  resting  on  the  summits  of 
hills.  What  force  of  water  could  carry  them  to  the  tops  of 
these  hills  and  then  leave  them  there?  But  it  might  strew  them 
over  a  plain,  and  assist  in  scooping  out  valleys  in  that  plab, 
when  the  remaining  parts  would  become  hills,  with  these  blocks 
upon  them. 

Lastly,  as  the  earth,  during  the  time  that  these  formations 
were  going  on,  must  have  had  a  much  higher  temperature  than 
at  present,  we  may  expect  that  the  organic  remains  found 
blended  therewith,  will  more  resemble  those  of  our  present 
torrid  zone  than  of  the  temperate  or  colder  regions,  which  we 
actually  find  to  be  the  case.  And  we  are  not  destitute  of  proof 
that  the  earth  still  retains  a  heated  nucleus,  since  the  temper- 
ature of  mines  invariably  increases  as  the  depth  increases,  the 
regular  scale  is  one  degree  for  every  IM  feet.  The  temperature 
of  Dulcoath  mine,  1380  feet  below  the  surfeM^e,  is  75*4  deg. 

4.  PRIMARY  ROCKS. 

"With  the  exception  of  granite,"  says  Dr  Macculloch,  ''it 
is  not  probable  that  geologists  havt  yet  discovered  a  rock 
beneath  which  organic  remains  may  not  be  found. — ^Their  gra- 
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dual  disappearance,  in  those  cases  where  the  secondary  lime 
•tone  assumes  the  massive  structure  and  crystalline  texture^ 
will  illustrate  this  opinion;  and  suggest  the  possibility,  that 
even  the  common  primary  limestones  may  originally  have  con- 
tained organic  bodies."  It  is  evident,  therefore,  how  very 
little  foundation  there  is  for  considering  any  rocks  primitive^ 
since  it  appears  that  we  are  acquainted  with  no  rock  or  part  of 
the  earth's  surface  which  has  not  been  completely  re-arranged 
since  the  existence  of  aquatic  animals  and  vegetables  on  the 
surface  of  our  planet.  The  term  primary,  therefore,  relates 
only  to  rocks  of  posterior  formation,  and  not  to  the  creation  of 
the  world.  The  lowest  rocks  with  which  we  are  acquainted 
are  those  that  have  been  the  most  completely  dissolved  in  the 
great  revolutions,  to  which  the  earth's  surface  has  been  subject; 
they  are  consequently  the  most  perfectly  crystallized,  and  con- 
tain the  fewest  traces  of  organic  remains, 

Gramiie  is  not  only  the  chief  of  the  primary  rocks,  but  pos- 
sesses strong  claims  to  its  being  considered  the  Parent  of  all 
rocks.  It  is  decidedly  of  igneous  formation,  and  is  always  the 
omtral  or  conical  mass  of  its  own  ridge  or  suit  of  rocks,  with 
gnetSy  mica*slate,  &c.  wrapped  round  it  in  mantle-shaped,  con- 
formable strata.  It  has  every  appearance  of  having  been 
thrown  together,  or  exuded  from  the  earth  in  a  fluid  state,  in 
the  first  of  those  subsidences  that  have  any  vestiges  remaining; 
for,  besides  the  larger  masses,  it  is  found  in  veins  in  some  of 
the  other  primary  rocks;  these  veins,  like  all  others,  have 
always  been  filled  by  injection  from  beneath  and  never  from 
above.  They  are  of  various  ages  and  distinctions,  and  the  more 
recent  ones  graduate  into  those  of  the  trap  or  basaltic  family. 
Granite  is  therefore  the  lowest  rock  with  which  we  are 
acquainted,  for  beneath  it  man  has  never  penetrated;  yet  the 
aources  of  volcanoes,  and  of  metallic  veins,  and  perhaps  Whin- 
dykes,  seem  to  be  far  below  it;  as  well  as  the  origin  of  all  the 
hot-springs. 

The  three  component  materials  of  granite  are  quartz,  feldspar 
and  mica,  which  are  in  grains  or  apparently  fragmented  crys- 
tals, cemented  together  with  a  crystalline  bed  of  feldspar.  Their 
proportions  vary  greatly  in  difierent  rocks,  and  often  in  speci- 
mens from  the  same  rock;  but  feldspar  in  genend  greatly  pre- 
dominates. However  the  feldspar  or  mica  is  often  displaced 
by  s(Mne  other  material,  as  hornblende,  chlorite,  and  even 
limestone.  This  circumstance  has  given  rise  to  great  contentions 
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among  geologists  about  words,  vis.  whether  these  latter  rocks 
should  be  called  granites  or  have  other  appellations.  The 
oldest  granites  have  the  largest  crystals  of  feldspar  interspersed, 
and  others  cannot  well  be  distingoished  from  sandstone.  The 
colonr  also  greatly  varies;  that  of  some  being  nearly  a  flesh 
red,  by  reason  of  the  feldspar  containing  a  large  portion  of  the 
red  oxide  of  iron:  such  granites,  on  account  of  the  aflinity 
which  this  oxide  has  for  water,  are  much  less  durable  thui 
those  wherein  the  feldspar  is  nearly  white.  The  mica  also 
greatly  varies  in  colour  in  different  granites.  Granite  is  not 
stratified ;  but  is  generally  separated  into  large  vertical  blocka* 
which  have  a  tendency  to  assume  the  rhomboidal  form.  Its 
natural  structure  seems  to  be  globular,  for  the  most  perfect 
specimens  are  generally  in  globular  masses  composed  of  eon- 
centric,  radiated  layers  of  different  degrees  of  compactneaa 
around  a  harder  nucleus.  These  masses  are  occasionally  two 
or  three  yards  in  diameter,  and  are  often  detached  from  the 
main  rock,  or  imbedded  in  a  softer  kind.  The  globules  never 
shoot  into  each  other,  but  where  they  come  in  contact,  the 
layers  are  wanting ; — so  that  the  whole  mass  of  the  rook  is 
thus  in  coats :  the  same  structure  may  be  found  in  all  roeks  of 
igneous  formation. 

Gnei*  is  a  kind  of  slaty  granite  generally  in  the  declivity  of 
granitic  mountains.  The  three  constituents  are  disposed  over 
each  other  in  layers.  It  contains  less  feldspar  than  granite, 
and  the  feldspar,  is  generally  white,  grey,  or  a  yellowish  white: 
— the  mica  is  mostly  black.  But  granite  frequently  graduates 
imperceptibly  into  gneis.  It  constitutes  a  principal  part  of  the 
rock  formations  in  Sweden,  and  abounds  in  the  Western  Isles 
of  Scotland;  it  is  also  found  in  Ireland,  but  seldom  occurs  in 
England. 

Mica-ilate  or  Schistose,  is  composed  of  quartz  and  mioa,  gra- 
duating below  into  the  gneis  on  which  it  rests,  and  above  into 
the  superincumbent  day-slate.  Its  colour  is  generally  a.  light 
grey,  sometimes  inclining  to  green  or  yellow ;  the  finer  kinds 
have  a  pearly  lustre.  It  frequently  contains  scattered  crystab 
of  garnet,  which  occasionally  constitute  a  considerable  part  of 
the  niass  of  the  rock ;  and  sometimes  crystals  of  other  minerab; 
also  thin  beds  of  crystalline  limestone,  serpentine^  and  seams  of 
quartz ; — indeed  it  often  appears  to  take  the  form  of  comnum 
sandstone  mixed  with  mica.    In  some  situations  neither  gneis 
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nor  mioa-slate  is  found  between  granite  and  the  next  class  of 
rocks* 

Cryiialline  lAmesitme,  This  rock  consists  of  almost  pare  car- 
bonate of  lime;  though  the  white  kinds,  called  Woinary  wuarbie, 
sometimes  contain  a  considerable  quantity  of  silica.  There  are 
many  yarieties  as  to  colour : — some  being  yellow,  others  green* 
ish  or  inclining  to  red.  The  less  pure  kinds  have  a  mixture  of 
mica,  which  occasions  them  to  have  a  stratified  appearance* 
It  is  chiefly  imported  from  Italy,  Switserland,  and  the  Grecian 
Archipelago,  in  all  which  places  it  composes  entire  mountains* 
A  white  kind  occurs  in  the  Isle  of  Skye;  and  many  rocks  of  it 
intermixed  with  mica  slate  and  serpentine  are  found  in  different 
parts  of  Scotland,  and  the  adjoining  isles;  but  this  primary^ 
marble  has  no  where  been  found  either  in  England  or  Wales. 
It  sometimes  alternates  with  granite,  or  gneis  and  mica  slate; 
in  Canada,  and  even  among  the  Alps,  it  is  found  supplying  the 
place  of  feldspar  in  granite. 

Hornblende  is  a  constituent  part  of  many  rocks,  and  seems  to 
be  the  connective  link  between  the  above  rocks  and  what  are  to 
follow.  In  short,  it  usurps  the  place  of  the  mica,  of  which 
mineral  it  forms  a  variation,  by  having  in  its  composition  a 
much  larger  portion  of  magnesia  with  some  lime,  and  a  defi« 
ciency  or  total  absence  of  potas  and  manganese.  Hornblende 
is,  therefore,  the  almost  sole  ingredient  of  a  great  variety  of 
rocks.  It  sometimes  occurs  in  beds  of  gneis,  when  it  takes  the 
name  of  primitive  trap ;  it  has,  occasionally  a  slaty  structure, 
and  is  then  called  hamblende-date.  When  intermixed  with 
crystals  it  is  called  greensianef  of  which  there  are  entire  moun* 
tains;  but  in  this  case,  as  perhaps  in  all,  it  is  more  properly 
classed  with  the  trap  formations,  which  for  the  most  part  consist 
of  hornblende,  feldspar,  and  augite.  The  colour  of  hornblende 
is  black  or  dark-green,  f  ts  specific  gravity  is  greater  than  that 
of  feldspar  or  quartz ;  but  it  is  less  hard,  and  may  be  easily 
scratched  with  a  knife.  It  yields  a  bitter  smell  when  breathed 
upon,  and  easily  melts  into  a  kind  of  black  glass. 

Serpentine.  The  colours  of  this  beautiful  mineral  consist,  for 
the  most  part,  of  various  shades  of  light  and  dark  green  spots 
or  clouds  intermixed,  bearing  some  resemblance  to  the  varie- 
gated spots  and  colours  of  a  serpent's  skin,  whence  its  name : 
though  some  varieties  of  it  are  red.  It  is  chiefly  constituted  by 
feldspar  and  a  substance  called  resplendent  hornblende ;  but  the 
crystals  are  often  so  small  as  to  give  the  rock  a  uniform 
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appearance ;  it  is  also  abnndaiitly  intersected  by  veins  of  steatite* 
T'liien  serpentine  is  found  intermixed  with  patches  of  crystalline 
white  marble,  it  is  called  verde-anHque  which  ishighly  rained 
in  ornamental  sculptnre.  A  softer  kind  of  serpentine  is  called 
kqn$  oUaru  or  pot-stone,  possessing  the  power  of  resisting  the 
action  of  fire.  It  is  osed  in  some  parts  of  Switzerland,  Ger- 
man} ,  and  in  Upper  Egypt  as  a  substitute  for  pans  in  common 
culinary  operations.  Some  varieties  are  translucent;  others 
are  nearly  crystallized,  forming  Schiller's  spar ;  and  many  spe- 
cies are  found  blended  with  talc  and  hornblende.  Serpentine 
has  not  been  observed  in  the  northern  parts  of  Asia,  nor  among 
those  parts  of  the  Andes  examined  by  Humboldt,  but  it  is  found 
in  many  of  the  mountains  in  Europe.  It  forms  the  upper  part 
of  Mont  Rosa  the  highest  mountain  in  Switzerland.  Among 
the  Alps  it  is  generally  found  on  that  part  of  the  mountain 
*  facing  Italy  and  Genoa.  The  only  place  where  it  seems  to  have 
been  discovered  in  England,  except  a  species  perhaps  in  Cham- 
wood  Forest,  is  in  the  Lizard  Point  It  occurs  in  Radnor, 
and  there  are  beautiful  varieties  in  the  Isle  of  Anglesea.  In 
Upper  Egypt  are  whole  mountains  of  serpentine. 

These  are  the  principal  of  the  primary  rocks,  but  there  are 
some  others  with  several  varieties.  They  seem  all  nearly  allied 
to  each  other,  being  composed  of  varying  quantities  of  the  same 
materials,  which  are  all  found  in  granite.  Certain-  of  the  pri- 
mary class  consist  almost  of  the  same  material,  as  crystalline 
limestone.  There  are  several  mountain  ranges  of  quartz  rock : 
in  South  America  is  one  9,500  feet  thick.  At  Sleat,  in  the  isle 
of  Skye,  a  bed  of  shell-limestone  is  included  between  two  beds 
of  quartz  rock.  There  are  also  mountains  of  feldspar ;  and  in 
the  Crimea,  are  ranges  principally  composed  of  mica  of  the 
most  beautiful  gold  colour.  In  the  Oural  chain  is  a  range  of 
quartz,  another  of  feldspar  and  a  third  of  talc.  On  the  eastern 
side  of  Siberia  is  one  of  jasper. 

Whether  any  of  the  granite  formations  are  posterior  to  the 
other  primary  rocks,  had  long  been  a  source  of  contention 
among  geologists  till  Dr.  MaccuUoch  set  the  question  at  rest 
''All  the  varieties  of  gneis*'  says  he  ''are  occasionally  inters 
sected  by  granite  veins,  and  they  are  indeed  almost  characteris- 
tic of  this  rock,  being  rarely  absent  for  any  considerable  space 
and  seldom  traversing  micaceous  schist  unless  under  circum- 
stances where  they  can  be  traced  to  some  neighbouring 
mass  of  granite.     They  are  however  most  abundant  in  the 
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gnmitic  division.  Tbey  are  infinitely  rarions  in  size,  and  in 
the  number  and  intricacy  of  their  ramifications;  and  it  is  further 
worthy  of  remark,  that  the  contortions  ih  any  mass  of  gneis  are 
always  proportioned  to  the  number  and  importance  of  those 
which  it  contains.  Hence  it  is,  that  the  schistose  is  more  free 
from  contortions  than  the  granite  variety.  It  is  nevertheless  pro- 
per to  make  an  exception  respecting  those  beds  of  gneis  which 
alternate  with  other  rocks,  such  as  clay  slate,  these,  as  far 
as  I  have  observed  never  contain  veins.  In  some  varieties  of 
gneis  they  are  so  abundant  as  nearly  to  exclude  the  original 
rock,  so  that  the  mass  presents  little  else  than  a  congeries  of 
veins. — If  the  intricacy  of  ramifications,  and  the  intersection 
of  on^  set  of  veins  by  a  second  and  third  of  different  textures, 
present  an  argument  in  favour  of  a  succession  of  these  at  several 
periods,  there  is  here  no  want  of  such  evidence."  He  also 
describes  granite  veins  as  traversing  both  gneis  and  mica  slate 
or  sohist,  in  the  islands  of  Tirey,  Scalpa,  and  Coll. 

6.   TRANSITION   ROCKS. 

The  principal  distinction  between  this  class  and  the  prima- 
ries, is,  the  less  perfect  crystallization,  and  the  presence  of 
organic  remains, — viz.  corals,  encrinites,  and  testacea;  and  a 
few  vegetable  impressions  of  the  monocotyledon  class  of  plants. 
They  have  been  called  trangition  from  the  supposition  of  their 
having  been  formed  after  the  primaries  had  been  sometime 
fixed,  and  while  the  earth  was  passing  into  a  habitable  state  ; 
however  this  itiea  is  now  abandoned,  so  that  transition  must  be 
considered  as  a  name  without  meaning.  They  have  also  been 
called  intermediate,  which  is  a  less  objectionable  term,  from 
their  position  between  the  primaries  and  all  those  that  are  to 
follow,  which  were  once  included  under  the  general  term 
seccndaty, 

Ciay-gJate,  argillaceous-schistose,  roofing-slate,  or  killas 
(a  provincial  term  in  Cornwall  for  this  rock  and  its  varieties)  is 
considered  as  forming  the  connective  link  with  the  primaries. 
Its  lowest  strata  often  graduate  into  mica-slate,  and  always  have 
a  similarity  of  appearance  with  that  rock ;  while  its  upper  strata 
contain  organic  remains.  Its  colours  are  various  shades  of 
grey,  inclining  to  blue,  green,  purple  and  red.  By  the  pre* 
sence  of  a  large  quantity  of  silex  it  graduates  into  Jtinty-date ; 
and  by  the  presence  of  magnesia  it  becomes  taleom  and  iMorUe* 


Digitized  by  VjOOQIC 


416  aEOLOGT. 

^te,  Drawing-tlaie  is  another  yarietj,  containing  carbon. 
The  Yorkshire  slate  contains  cnbic  crystals  of  pyrites,  and  is 
sometimes  covered  with  configarations  of  this  substance  re* 
sembling  trees.  Many  of  this  class  or  Tarieties  alternate  with 
or  graduate  into  each  other,  as  in  Chamwood  Forest  and  North 
Wales.  In  the  Western  Isles  they  alternate  with  greywacke 
and  gneis 

Greywaeke  is  a  variety  of  flinty  slate,  containing  imbedded 
grains  or  fragments  of  other  minerals.  The  finer  kinds,  which 
are  merely  the  coarse  clay  slate,  are  called  greytoache-date:^' 
some,  by  a  superabundance  of  mica,  pass  into  mica-slate.  The 
fragments  of  clay-slate,  mica-slate,  and  flinty-slate  are  so  large 
in  the  coarser  kinds  of  greywaeke,  as  to  give  it  the  appearance 
of  a  breccias  or  pudding  stone.  Greywaeke  alternates  with 
vast  beds  of  flinty-slate,  trap  and  transition  limestone. 

Old  Red  Sandstone.  Greywaeke  passes  into  this  fornuition, 
which  is  a  coarse  grained  sandstone,  apparently  constituted  of 
abraded  quartz,  feldspar,  and  mica,  with  occasional  fragments 
of  most  of  the  above  mentioned  rocks-  cemented  in  a  crystalline 
bed  of  silex.  Its  prevailing  colour  is  a  dirty  iron  red  or  dark 
brown,  but  it  is  sometimes  grey.  It  occasionally  contains  beds 
of  limestone,  and  lime  sometimes  enters  into  its  composition, 
when  it  takes  the  name  of  comstone.  It  constitutes  the  basis  of 
the  Pennine  Rocks,  or  of  all  the  coalfields ;  but  frequently 
rises  into  mountains  of  two  or  three  thousand,  and  in  Scotland 
of  between  three  and  four  thousand  feet  in  height  It  is  no 
where  found  in  the  north  of  England,  except  at  the  foot  of 
Cross  Fell  (in  its  most  usual  form  of  a  coarse  pudding  stone) 
extending  from  near  Melmerby  to  near  M urton  about  16  miles : 
but  it  forms  a  large  district  in  the  south  and  south-west  comer 
of  Wales,  with  extensive  tracts  in  North  Wales,  Anglesea  and 
a  great  deal  of  the  northernmost  counties  of  Scotland.  Its 
thickness  in  the  Forest  of  Dean,  where  it  is  interposed  between 
the  carboniferous  and  transition  limestones,  exceeds  2000  feet; 
and  in  Herefordshire  and  Brecon  it  is  supposed  to  be* still 
thicker;  while  in  some  parts  of  Glocestershire,  it  is  not  above 
2  or  300  feet.  In  Somersetshire  it  forms  the  most  elevated  sum- 
mits of  the  Mendip  hills. 

While  some  geologists  reject  the  old-red-sandstone,  not  only 
from  the  primary  and  transition,  and  place  it  among  the  secon- 
dary. Dr.  Macculloch  vindicates  its  undoubted  claim  to  an 
honourable  station  among  the  primaries,  for  he  found  it  alter- 


Digitized  by  VjOOQIC 


OBOLOOT.  417 

natiag  with  gneis.  It  is  a  regularly  stati6ed  rook  where  it 
retaing  its  nearly  horizontal  position,  but  where  its  strata  are 
slmost  vertical,  that  is,  where  it  has  been  most  affected  by  the 
subsidences,  its  stratification  nearly  disappears ;  and  it  there- 
fore assumes  the  aspect  of  granite,  or  rather  the  irregolar  gneis 
with  which  it  is  accompanied.  In  some  places  this  transition 
is  effected  by  schist,  grey,  indurated  sandstone  and  quartz-rock. 
That  it  once  formed  the  bottom  of  the  ocean,  as  we  have  already 
conjectured,  appears  from  these  instances  where  its  strata  are 
least  disturbed ;  viz.  the  surfaces  of  the  flags  bear  the  same 
marks  of  undulation,  which  are  so  frequentiy  seen  in  the 
secondary  sandstones,  and  which  resemble  so  much  the  marks 
left  by  the  sea  on  sandy  shores. 

Humboldt,  who  has  examined  the  most  distant  mountain 
ranges,  and  has  perhaps  made  more  observations  than  any 
ether  geologist  on  primary  and  transition  districts,  proves,  that 
die  rocks  which  belong  to  the  same  epoch  of  formation  are  the 
same  in  all  quarters  of  the  world.  In  his  late  treatise  on 
**  The  Superposition  of  Rocks,'^  he  states  the  deposition  of  the 
primary  and  transition  to  be  as  follows.  I.  Primitive  granite. 
Primitive  granite  and  gneis.  Stanniferous  granite.  Weistein 
(mhitestone  or  eurite)  with  serpentine.  II.  Primitive  gneis. 
The  following  are  parallel  with  each  other : — gneis  and  mica- 
slate  ;  granite  posterior  to  gneis  but  anterior  to  primitive  mica- 
slate;  primitive  syenite;  serpentine;  and  limestone.  III. 
Primitive  mica-slate.  Granite  posterior  to  mica-slate  but  ante- 
rior to  clay-slate.  Gneis  posterior  to  mica-siate.  Greenslpne- 
slate.  IV.  Primitive  day-slate.  The  following  are  parallel  to 
each  other  and  sometimes  to  the  primitive  clay-slate :  quartz 
rock  (with  specular  iron).  Granite  and  gneis  posterior  to  clay- 
slate;  primitive  porphyry;  primitive  euphotide  posterior  to 
olay-slate.  IVaruititm:  I.  Granular  talcose  limestone ;  transi- 
tion mica-ilate;  greywacke  with  anthracite.  II.  Transition 
porphyries  and  syenites  immediately  covering  primitive  rocks ; 
Uaok  limestone;  and  greenstone.  III.  Transition  clay-slate^ 
eont^nittg  greywacke,  greenstone,  black  limestone,  syenite  and 
porphyry.  IV.  and  V.  Porphyries;  syenites;  and  greenstone, 
posterior  to  transition  day-slate  sometimes  even  to  limestone 
with  orthoeeratites.     VI.  Transition  euphotide,  (a  serpentine). 

It  this  statemept  of  ^nmboldt  and  those  dted  from  Dr.  Mao- 
MUoeh  be  eerreot,  it  is  evident  that  the  primary  and  transition 
roobi  owe4bw  birth  to  a  number  of  subsidences  rapidly  sue- 
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ceeding  each  other :  the  later  ones  to  a  certain  degree  (as  thej 
occurred  either  partly  or  altogether  in  the  same  area)  deleting 
the  former.  Now  the  6r8t  of  these  might  not  perhaps  be  on 
the  most  extensive  scale,  but  as  the  earth  then  contained  the 
most  heat,  the  edges  of  the  subsidences  wonld  be  the  most  ex- 
tensively fused.  Supposing  the  edge  of  a  subsidence  to  be 
beneath  the  sea,  and  a  vast  quantity  of  fused  matter  to  be  ex- 
alted by  a  distant  depression :  may  we  not  suppose  that  this 
mass  would  be  too  extensive  for  the  water  to  remove ;  or,  that 
the  central  part  would  be  solidified,  before  the  sea  could  bear 
it  away ;  hence  it  might  be  left  in  conical  peaks  with  all  the 
marks  of  aqueous  attrition  around  it  In  some  cases,  viz.  where 
there  was  little  or  no  water,  the  mass  would  form  beds  of 
granite ;  and  where  there  was  a  great  depth  of  water  around 
the  mass,  or  sloping  down  its  sides  the  greatest  quantity  of  mat- 
ter would  be  deposited,  forming  those  mantle-shaped  strata  of 
gneis  and  mica-slate,  which  so  frequently  invest  the  declivities 
of  granite  mountains ;  and  above  these,  or  at  a  greater  distance, 
would  the  clay-slate  be  deposited ;  next,  the  organic  remains 
of  the  disturbed  ocean ;  and  afterwards,  vegetable  substances, 
when  the  retiring  ocean  had  swept  over  subsiding  continents. 

The  following  experiments  are  adduced  as  illustrative  of  this 
process.  Quartz,  feldspar,  and  mica  were  finely  pulverized, 
and  blended  in  a  tall  vessel  filled  with  water ;  whence,  the  water 
being  gently  agitated  with  a  hair  rope,  the  ingredients  were 
deposited  in  the  formation  of  gneis  graduating  into  mica-slate. 
Feldspar,  having  the  greatest  specific  gravity,  was  at  the  bottom, 
then  quartz,  and  the  chief  of  the  mica  was  at  the  top.  Again ; 
with  pulverized  mica-slate  was  mixed  a  blue-clay  reduced  to  a 
fine  powder  by  burning,  when  mica-slate  and  clay-slate  were 
the  result :  hence  the  clay-slate  contains  more  organic  remains, 
which  would  be  the  last  deposited,  and  they  are  the  most  abun- 
dant in  the  upper  strata.  With  water  saturated  with  salt  the 
results  were  more  decisive.  From  these  experiments  we  may 
conclude,  that  throughout  all  the  other  formations,  different 
series  of  rocks  may  have  resulted  from  the  products  of  one  and 
the  same  subsidence. 

Suppose  a  reiteration  of  such  subsidences  to  intersect  the 
formations  caused  by  the  former,  solving  these  new  mountains 
by  heat  under  pressure,  we  may  then  perhaps  arrive  at  scmie 
idea  how  materials  deposited  from  water  might  attain  a  crystal- 
line stucture ;  for  crystalline  limestone  has  been  formed  artifici- 
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all^  from  chalk  by  heat  under  pressure.  And  as  the  materials 
of  granite  were  thus  solved  and  suspended  in  water,  the  ingre- 
dients according  to  their  affinity  for  water  would  be  variously 
separated :  hence  the  feldspar  of  gneis  is  destitute  of  the  oxide 
of  iron,  and  feldspar  otherwise  exists  in  less  proportion,  much 
of  its  aluminous  part  being  suspended  till  the  mica-slate  was 
deposited,  and  then  it  formed  the  clay-slate.  The  oxide  of  iron 
would  also  be  somewhere  deposited,  and  other  materials  would 
be  also  separated  or  variously  precipitated.  Now  when  these 
new  formations  were  afterwards  fased  by  heat,  and  their  mate- 
rials were  again  subject  to  the  above  process,  we  should  have 
a  different  order  of  rocks.  Hence  originated  the  vast  variety 
of  rocks  that  ^compose  the  earth's  shell,  and  the  wild  confusion 
that  prevails  in  the  primitive  districts.  At  the  same  time  we  see 
but  little  foundation  for  the  distinction  of  primary  and  transition 
as  applied  to  rocks :  only,  let  it  be  remarked,  that  generaUy 
the  igneous  productions  of  the  primaries  are  chiefly  granites, 
while  in  the  transition  they  are  mostly  serpentine,  syenite,  and 
porphyry; — but  subsidences  posterior  to  all  those  we  have 
hitherto  mentioned  have  taken  place  and  affected  these  forma- 
tions ;  hence  originated  metallic  veins  and  the  trap  or  basaltic 
rocks. 

As  all  the  materials  of  stratified  rocks  were  once  suspended 
in  the  waters  of  the  ocean  and  thence  deposited,  we  must  expect 
that  tile  tides  would  have  a  considerable  influence  on  such  depo- 
sitions ;  consequently  we  find  the  direction  of  the  strata  of  all 
the  formations,  in  northern  latitude,  generally  ranging  from 
19^.  £.  to  S.  W.  Humboldt,  from  many  observations  both  in 
£urope  and  America,  deduces  an  angle  of  60  degrees  with  the 
meridian :  the  natural  direction  of  the  tide  *being  -about  at  this 
angle  from  N.  £.  to  S.  W.  Henoe  as  stated  Sec.  2,  when 
mountains  range  from  N.  to  S.  the  eastern  declivity  is  a  slope, 
and  the  western  is  precipitous;  but  when  they  range  from  £.  to 
W.  the  south  is  precipitous  and  the  north  is  a  slope  though  in 
a  less  degree  than  in  the  former  case;  but  it  is  evident,  that  in 
most  cases  they  must  be  greatly  modified  by  circumstances. 
On  the  same  principle  the  shores  of  the  Red  Sea  are  at  a  higher 
elevation  than  the  eastern  shores  of  the  Mediterranean;  and 
the  Atlantic,  on  the  eastern  side  of  America,  is  at  a  higher 
level  than  the  Pacific  on  the  western  side. 

3oa 


Digitized  by  VjOOQIC 


4S0  0BOLOOY* 

6.  PBNKINE  CHAIN. 
Or  ike  Carb(mi/erau$  or  Mcmntam  Lime$i<me,  and,  MilltiMe  Chii 

andShale. 

This  series  differs  as  little  from  the  transition  as  the  transi- 
tion do  from  the  primaries.  Indeed  the  transition  and  moontain 
limestone  so  nearly  agree  that  we  deemed  it  useless  to  describe 
them  apart ;  for  it  often  requires  much  consideration  to  distin- 
guish them,  so  gradual  is  the  increase  of  crystaliisation.  They 
rest  on  the  old-red-sandstone ;  but  the  mountain  limestone,  the 
lowest  of  this  series,  is  sometimes  separated  from  that  rock  by 
a  thick  shale  resembling  that  of  the  millstone  grit. 

CariHuUfenmSf  metaliiferaiu,  enirockal,  enerinal,  shell,  or  m^rn^ 
tarn  limestone.  The  first  of  these  appellations  is  deriTcd  from 
its  being  associated  with  the  <^ great  coal  formations;''  the 
soccmd  from  its  mineral  riches,  the  lead-mines  of  Northumber^ 
land,  Durham,  Yorkshire^  Derbyshire,  and  Somersetshire,  as 
weU  as  many  copper-mines,  being  in  it;  the  third,  fourth,  and 
fifth  from  its  organic  remains ;  and  the  last  from  its  usually 
forming  considerable  hills,  some  of  which  are  more  than  1000 
feet  above  the  sea-level.  It  has  sometimes  been  called  cavenumt , 
limestone ;  for  with  a  few  trifling  exceptions,  aU  the  British 
caverns  are  in  it 

'*  The  texture  of  this  rock  is  generally  imperfectly  crystalline, 
and  sufficiently  dose  and  hard  to  afford  marbles  of  a  durable 
polish.  Its  prevailing  colour  is  grey,  passing  on  the  one  hand, 
into  greyish  white  and  yellow ;  and  on  the  other,  into  greyish 
blue  and  black ;  occasionally  also,  a  red  shade  of  colour  may 
be  observed.  Its  purest  beds  appear  to  contain  96  per  cent 
of  calcareous  matter ;  but  by  the  admixture  of  other  ingredients, 
it  often  passes  into  magnesian  limestone,  ferruginous  limestone, 
bituminous  limestone,  and  fetid  limestone.  It  usually  presents 
beds  of  very  considerable  Uiickness;  a  continuous  series  of 
which  often  extends  many  hundred  feet  in  depth  without  the 
intervention  of  any  other  rock,  the  strata  being  dirided  by  only 
thin  partings  of  clay;  but  sometimes  this  series  exhibits  altei^ 
nations  of  various  heterogeneous  rocks,  particularly  toadstone, 
grit  and  shale;  so  that  the  proportion  of  the  limestone  beds  in 
constituting  the  series  of  strata  here  denonunated  from  them,  as 
its  characteristic  feature,  varies;  they  being  sometimes  exclu- 
sively prevalent:  and  sometimes  forming  little  more  than  one 
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third  of  the  whole  series;  oeeasionally  abo  the  limestone  beds 
themselves  become  more  thinly  laminated/'  -The  thickness  of 
the  whole  series  is  various,  but  in  some  instances  it  exceeds 
800  feet. 

^Klbtone-grit  and  Shale,  The  above  limestone  formation  is 
generally  overlaid  by  a  series  of  sandstone  and  slate-clay  beds, 
with  occasionally  beds  of  limestone  and  strata  of  coal.  The 
sandstone  beds  commonly  called  the  millstone  grit,  chiefly  con- 
sist of  coarse  quartzose  particles  of  various  sises  agglutinated 
by  an  argillaceous  cement.  It  has  every  appearance  of  a  rock 
mechanically  formed  from  the  detritus  of  preexisting  materials, 
and  rounded  particles  of  feldspar  may  be  occasionally  found  in 
it.  It  is  often  seen  under  the  form  of  a  pudding  stone,  but  it 
sometimes  assumes  a  finer  texture,  when  its  mechanical  struor 
tare  almost  disappears.  The  shale  beds  differ  little  from  those 
of  the  coal  measures.  They  sometimes  contain  nodules  of  clay 
iron-stone,  and  martial  pyrites  abound  in  them.  The  variety 
of  calcareous  spar,  called  $atm  spar,  appears  to  belong  to  them, 
afid  they  often  abound  in  bitumen,  llie  limestone  differs  from 
the  mountain  limestone  in  being  black,  or  in  containing  more 
bitumen,  and  more  perfect  organic  remains.  It  also  affords  a 
beautiful  black  marble ;  the  finest  specimens  of  which  are  found 
near  Ecton  copper  mine,  which  is  in  this  formation.  The  coal 
beds  are  few  in  number,  very  thin,  and  the  coal  is  of  inferior 
quality.  The  thickness  of  the  whole  series  is  sometimes  between 
7  and  800  feet,  and  where  it  forms  the  summits  of  mountains, 
it  is  occasionally  between  2  and  3000  feet  above  the  level  of  the 
sea ;  Cross  Fell  is  the  most  elevated  point,  and  its  summit  is 
2901  feet  above  the  sea  level. 

The  series  of  rooks  described  in  this  section  form  that  range 
of  mountains  now  denominated  the  Pefmtiie  Chain.  It  extends 
from  the  Cheviot  {trantiHon)  on  the  north,  to  the  Trent  on  the 
south,  including  Cross  Fell,  the  western  moorlands  of  Durham 
and  Yorkshire;  between  Stainmore  and  Ingleborough  it  abuts 
against  the  lake  mountains,  (transition  and  primary)  of  Cum- 
berland; it  afterwards  forms  the  boundary  between  Lancasshire 
and  York,  including  Pendle  hill,  and  Blackstone  edge;  thence 
it  stretches  to  the  Peak  of  Derbyshire,  and  is  finally  lost  in 
the  banks  of  the  Trent. 

Our  Theory  of  the  Earth,  is,  that  the  primary,  transition, 
Pennine  chain,  the  coal  formations,  and  lastly  the  new-red- 
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sandttooe,  including  their  subordinates,  together  with  the 
metallio  veins,  and  trap  or  basaltic  formations  were  all  the 
result  of  a  series  of  rapidly  succeeding  subsidences  or  concen- 
trations of  different  portions  of  the  earth's  surface,  ehUij 
occasioned  by  the  contraction  of  the  terrestrial  mass  from  the 
Ipss  of  heat.  The  primaries  we,  therefore,  consider  as  the  only 
visible  remains  of  the  first  of  these  subsidences,  some  of  them 
remaining  as  they  were  left  solved  by  heat;  others  were  depo- 
sited from  water,  and  afterwards  crystallized  by  their  own 
attraction  of  cohesion,  assisted  by  moisture,  heat  and  electricity; 
the  transition  were  partly  the  result  of  later  subsidences,  bat 
they  chiefly  originated  from  the  diluvium  of  the  primaries, 
deposited  at  a  greater  distance  from  the  scene  of  volcanic  action, 
and  consequently  they  were  less  subject  to  the  effects  of  heat 
than  the  primary,  and  are  therefore  less  crystalline ;  while  the 
Pennine  rocks,  which  contain  a  great  deal  of  the  oxide  of  iron 
in  the  shale  and  slate-clay,  were  still  more  distantly,  both  with 
respect  to  time  and  space,  deposited:  but  in  different  placef 
these  formations  have  been  broken  through,  and  converted  both 
into  primary  and  transition  by  the  presence  of  heat,  while  in 
other  places,  where  there  was  less  heat,  the  strata  are  merely 
bent,  crumpled,  broken,  or  contain  immense  caverns. 

The  following  Cut  is  a  vertical  section,  taken  across  that  part 
of  the  island  where  all  the  rocks  of  the  first  esra  of  organio 
remains  are  developad. 
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The  slate  of  Skiddaw  and  Saddleback  is  transition,  so  that 
we  have  the  primitive  and  secondary  in  one  gronp.  Now  we 
suppose  this  slate  to  have  formed  the  bottom  of  the  ocean,  when 
two  subsidences  took  place;  one  in  the  direction  of  the  great 
European  basin,  and  the  other  in  the  direction  of  the  Atlantic 
ocean.  The  earth's  shell  therefore  clave  asunder  between 
Skiddaw  and  Saddleback,  and  a  mass  of  granitic  matter  was 
exuded  by  the  unequal  pressure  of  the  subsidence  upon  the 
earth's  heated  nucleus^  A  large  part  of  this  effused  granite 
would  be  carried  away  by  the  retiring  ocean;  also,  as  the 
material  of  the  slate,  hitherto  forming  the  bottom  of  the  ocean 
would  not  be  agglutinated,  large  trenches  would  be  excavated 
in  it,  leaving  insulated  peaks  or  hills,  of  which  the  above  moun- 
tains are  perhaps  instances.  Now  the  mass  of  matter  thus 
swept  off  by  the  flood  would  form  the  bottom  of  a  new  ocean, — 
might  first  deposit  the  old-red-sandstone ;  and  then  the  shells, 
which,  having  less  specific  gravity,  would  form  the  mountain 
limestone,  that  appears*  to  be  principally  composed  of  commi- 
nuted shells.  However,  we  cannot  suppose  that  these  would 
be  regularly  deposited  as  in  the  experiments  at  the  end  of  the 
last  section,  but  would  be  thrown  together  by  the  rush  of  the 
mighty  ocean  in  immense  masses:  so  that  all  the  Pennine  rocks 
might  possibly  result  from  one  changing  of  bed  of  the  ocean.    . 

While  the  above  process  was  going  on,  we  suppose  that  the 
Cumbrian  mountains  had  the  same  elevation  (as  taken  from  the 
earth's  central  point  of  gravity)  as  the  Alps  had  or  have ;  and 
that  they  retained  this  proportional  elevation  till  after  the  for- 
mation of  the  new-red-sandstone.  We  must  therefore  consider 
the  strata  as  displayed  in  the  highest  part  of  Cross  Fell»  as 
remaining  nearly  stationary  irom  the  time  of  their  depositiooy 
and  as  being  originally  nearly  horizontal  in  each  direction. 
But  as  they  now  dip  very  rapidly  eastward,  they  received  this 
inclination,  by  the  successive  subsidences  whioh  formed  the 
basin  of  Europe  and  gave  birth  to  its  contents.  To  traoe  the 
strata  of  Cross  Fell  westward ;  we  suppose  that  the  stratum  of 
old-red-sandstone  V  underlying  Cross  Fell,  was. a  continuation 
of  one  and  the  same  stratum  as  that  abutting  against  the  slate  Z 
eastward  of  Saddlebaek,  and  that  at  the  time  when  the  Atlantic 
Ocean  was  principally  formed,  the  Cumbrian  mountains  were 
despoiled  of  the  chief  of  their  Alpine  pride,  and  were  finally 
depressed  to  their  present  level.  The  vertical  and  broken 
strata  of  coal,  &o.  T  U  near  the  western  escapement  of  Crois 
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FeD,  are  indications  of  a  vast  slip  which  has  here  taken  place. 
After  such  a  depression  as  this,  what  were  before  sections  of 
the  trunks  of  rivers  or  valleys  wonld  be  converted  into  lakes, 
and,  of  course,  new  rivers  would  be  formed. 

What  may  be  called  the  internal  evidence  of  our  theory,  is, 
the  inclination  of  strata.  Though  strata  may  be  formed  almost 
vertical  down  the  sides  of  a  volcanic  mountain  ;  yet,  according 
to  every  theory  all  those  in  the  above  cut  must  have  been  formed 
nearly  horizontal,  even  those  of  the  greenstone  and  syenite  tt  u 
on  each  side  of  the  granite  were  probably  so  formed,  though 
they  here  appear  nearly  vertical.  However  the  vertical  ap- 
pearance in  the  above  section  is  a  great  deal  magnified,  for  the 
altitude  is  taken  from  a  scale  of  about  26  times  greater  than  th6 
length.  Between  the  tops  of  Skiddaw  and  Saddleback  must  be 
not  less  than  4  miles.  Were  this  cut  therefore  magnified  in 
length  26  times,  the  inclination  would  not  be  so-abrupt.  Never- 
theless there  are  many  places  on  the  earth's  surface,  where  the 
strata,  though  originally  perhaps  horizontal,  are  now  perpen- 
dicular. Indeed  horizontal  strata,  except  some  pieces  of  table 
land,  are  very  rarely  met  with  in  formations  older  than  the  coal 
measures.  The  strata,  both  of  the  primary,  transition,  and 
Pennine  rocks. are  broken,  crumpled,  contorted,  and  arched  in 
every  possible  direction.  The  rents  are  often  deleted  in  the 
first,  by  the  fusion  of  the  materials ;  while  the  fusion  in  some 
places  of  the  transition,  and  occasionally  in  the  Pennine  rocks, 
has  only  been  to  make  the  rock  pliant  like  a  piece  of  leather; 
hence  a  variety  of  saddle -backed;  arched-like  ridges,  and  caverns. 
But  where  the  rock  was  not  so  pliant  we  have  extensive  caverns, 
in  some  places  engulfing  rivers,  and  in  others  throwing  them 
out  in  immense  floods  in  the  form  of  springs.  The  Mendip  hills, 
which  are  of  the  Pennine  rocks,  are  remarkable  instances  of 
contorted  and  disturbed  strata. 

7.   METALLIC  VEINS. 

Though  the  metallic  veins  are  sometimes  found  in  the  coal 
measures,  and  even  strings  of  galena  extend  into  the  magnesian 
limestone,  yet,  as  their  chief  seat  is  in  the  primary,  transition, 
and  lower  strata  of  the  Pennine  chain,  they  seem  to  claim  a 
consideration  in  the  present  place. 

The  specific  gravity  of  granite,  and  the  other  rocks  composing 
the  earth's  shell  is  only  about  2|,  while  that  of  the  whole  earth 
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has  been  calculated  to  be  above  5 : — from  this  circamstance 
and  the  peculiar  structure  of  metallic  veins,  we  have  reason  to 
conclode  that  the  internal  part  of  the  earth  chiefly  consists  of 
metallic  oxides.  Metallic  veins  are  vast  clefts  or  fissares, 
often  vertical,  traversing  rocks  and  even  mountain  ranges. 
They  are  of  various  width  from  many  yards  to  a  mere  thread. 
These  clefts  are  always  flUed  with  a  material  diflTering  from  the 
rock  in  which  they  exist.  The  metal  is  sometimes  in  a  native 
or  pure  state,  and  sometimes  it  is  in  ores.  In  the  former  case, 
it  is  generally  accompanied  (for  native  metal  or  even  ore  rarely 
if  ever  completely  fills  the  fissure)  by  calcareous  spar»  floor 
spar,  ponderous  spar,  and  quartz,  with  which  the  metallic  sub- 
stance is  generally  confusedly  mixed,  but  the}  are  often  found 
separate.  The  veins  are  sometimes  separated  from  the  rock 
by  a  thin  wall  or  lining  on  each  side,  composed  of  some  mineral 
substance ;  and  at  other  times  by  a  layer  of  clay ;  and  these 
are  also  frequently  mixed  with  the  metal  or  alternate  wtih  it 
in  layers,  or  the  metal  is  found  in  it  in  globular  masses.  It  is 
called  the  matrix,  vein-stone,  or  gangue. 

The  thickness  of  veins  and  the  quantity  and  quality  of  the 
ore  vary  in  every  mine  ;  and  these  variations  often  occur  in  the 
same  vein.  Sometimes  the  metal  has  expanded  laterally  into 
the  crevices  or  caverns  of  the  containing  rock.  The  veins 
occasionally  degenerate  into  mere  dykes  filled  with  clay  or  rub- 
bish, or  merely  empty  fissures,  the  sides  of  the  rock  being  in 
contact ;  and  at  other  times  the  cleft  contains  spar,  as  in  the 
fluor  spar  mine  near  Castleton.  The  crystallizations  in  this 
mine  are  supposed  to  equal  those  of  the  famous  grotto  of 
Antiparos. 

One  vein  often  cuts  through  and  displaces  another,  shewing 
that  they  have  been  formed  at  different  times.  And  sometimes 
a  number  of  veins  intersect  each  other  at  a  point,  where  a  very 
large  mass  of  metal  is  found.  Among  the  Andes  a  vein  of  sil- 
ver has  been  traced  90  miles ;  its  width  is  9  feet,  it  is  straight 
and  uniform  in  its  course;  and  sends  off  smaller  branches, 
wiiich  have  been  pursued,  till  they  penetrate  the  mountain,  30 
miles. 

Some  veins  contain  different  metals  ranged  in  vertical  strata. 
One  instance  of  which  may  give  the  reader  some  idea  of  the 
whole.  It  is  the  vein  Gregorius  at  Freyburg,  and  is  composed 
of  nine  layers  vertically  arranged  as  follows^ 
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Another  in  the  same  neighbourhood  has  thirteen  strata  on 
each  side  of  the  central  calcareous  spar.  Other  veins  contain 
different  metals  at  various  depths.  In  some  of  the  mines  of 
Saxony  ores  of  iron,  copper,  cobalt,  and  silver  succeed  each 
other.  In  Cornwall  tin  or  zinc  is  frequently  succeeded  by 
copper.  Mines  are  seldom  rich  near  the  surface,  but  grow 
more  valuable  as  they  descend  for  a  certain  way,  and  then  be^ 
come  less  so :  though  in  general  the  miner  is  stopped  in  his 
descent  by  water.  However,  all  experienced  miners  concur 
In  the  remark,  that  veins  are  widest  at  top,  and  regularly  con- 
tract as  they  descend. 

The  veins  in  hard  granite  seldom  afford  much  useful  metali 
but  the  softer  kinds  contain  tin,  lead,  iron,  zinc,  bismuth,  and 
cobalt ;  and  in  yneis  are  found  silver,  copper,  lead,  tin,  and 
sine.  In  micailate,  occur,  copper,  tin,  lead,  and  antimony  : 
day-slate  contains  silver,  copper,  lead,  zinc:  hartUflende-ilate 
copper.  LimeMtone  contains  copper,  lead,  and  zinc,  antimony, 
and  iron :-  -some  of  these  veins,  especially  of  lead  and  zinc, 
extend  a  consiflerable  way  into  the  milUtime^ffrit :  and  even  in 
the  coal-strata  have  been  found  native,  galena,  and  manganese— 
with  abundance  of  iron  in  the  ihaie.  The  gold  found  in  Scot^ 
land  was  procured  from  Leadhills,  which  are  mostly  composed 
of  coarse  slate  (grey  wacke  ?)  Syenite  and  granttlar  marble  are 
not  often  metalliferous,  yet  gold  and  silver,  as  well  as  lead  and 
zinc  are  sometimes  found  in  syenite,  porphyry,  and  in  the  old-red* 
sandstone.  The  last  two  metals  have  also  been  found  in  serpen- 
tine: and  gold  is  frequently  met  with  in  the  craters  of  old 
volcanoes,  or  is  ejected  with  the  lava.  When  greytoacke  is  in 
large  masses,  and  consists  of  few  fragments,  it  sometimes  con- 
tams  gold  and  silver,  also  antimony,  lead,  and  iron.  Mercury 
is  found  in  clay-slate,  limestone,  and  slate-clay  of  the  coal 
strata — see  Chap.  XIII.  Metallic  veins,  when  exposed  to  the 
atmosphere,  present  various  appearances.  Iron,  and  very 
often  tin  are  exhibited  in  the  form  of  a  brown  powder,  lead,  of 
a  pale  yellow  powder ;  and  copper,  a  green  one.    Fluor  spari 
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found  at  the  surface  of  a  Tein,  generally  indicates  that  metal  of 
tome  kind  is  beneath. 

The  bases  of  all  rocks  are  metallic,  so  that  every  rock  or  stone 
may,  in  one  sense,  be  called  a  metallic  ore.  Bat  such  rocks 
or  stones  as  have  only  the  metalloids  for  their  bases  are  chiefly 
distinguished  by  their  want  of  specific  gravity,  which  seldom 
exceeds  2^;  while  the  specific  gravity  of  the  ores  which  contain 
the  metals  is  generally  above  tf.  For  this  reason  in  our  Theory 
of  the  formation  of  Uie  Earth,  we  suppose  the  metals  to  hare 
been  originally  buried  beneath  a  thick  shell  of  metalloid  roeks; 
how  they  became  otherwise  we  proceed  to  explain. 

If  we  consider  a  number  of  such  subsidences  at  the  opposite 
side  of  the  globe  as  finally  gave  birth  to  the  great  hollows  or 
indentations  that  contain  the  Pacific  and  Atlantic  oceans,  we 
shall  have  no  difficulty  in  conceiving  that  around  the  edges  of 
the  subsiding  areas  would  be  exuded  or  elevated  vast  quantities 
of  matter  from  beneath  the  depressed  part,  especially  as  we 
consider  the  earth  to  contain  a  fluid  nucleus ;  and  these  eleva- 
tions or  emissions  would  be  attended  with  all  the  appaling 
phenomena  of  earthquakes  and  volcanoes.  In  this  manner  it  is 
OMy  to  conceive  how  the  Andes  received  their  towering  height, 
nnd  became  the  depositories  of  the  greatest  mass  of  metallic 
ores  hitherto  discovered.  And  however  the  metals  may  exist 
in  the  earth's  nucleus,  it  is  evident  that  they  would,  in  this 
case,  undergo  a  process  similar  to  that  of  smelting,  and  the 
metal  would  be  blended  with  the  fused  materials  of  the  earth's 
shell.  This  will  account  for  the  formation  of  some  veins,  and 
the  overlying  masses  of  metallic  ores,  but  there  are  many  reins, 
indeed  perhaps  the  chief  of  them,  that  it  does  not  agree  with. 
As  we  suppose  a  great  many  subsidences  took  place,  not  only 
after  the  primary  and  transition  but  after  a  great  many  of  the 
secondary  rocks  were  formed,  the  earth's  shell  would  be  solidi- 
fied to  a  great  depth ;  may  we  not  suppose,  then,  that  the  shell 
would  often  be  split  down  to  the  heated  nucleus  when  no  ejec- 
tion of  fluid  matter  would  take  place,  by  reason  of  the  chink 
being  too  narrow,  while  at  the  same  time  the  metals  in  an  aeri- 
form state,  being  more  subtile,  might  escape;  and  coming  to- 
wards the  colder  surface  of  the  earth  would  be  condensed  and 
deposited  in  crystalline  ores,  along  with  other  crystalline  sub- 
stances. Difierent  subsidences  would  therefore  go  to  greater 
depths  in  the  nucleus,  and  perhaps  reach  the  beds  of  other 
metals,  so  that  a  vein  may  contain  a  variety  of  metals :  but 
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sapposiag  different  metals  sublimed  at  the  same  time,  it  is  con- 
jectared  that  they  would  crystallize  separately.  But  there  are 
who  suppose,  that  nature,  in  these  hidden  mines,  elaborates 
different  metals  from  the  same  material.  What  are  called 
$Hek€Hnde^  (being  a  kind  of  vitrification  on  each  side  of  the  con 
taining  rock)  seem  to  be  in  favour  of  these  veins,  being  a  kind 
of  vent-holes  from  the  internal  parts  of  the  earth,  for  a  vapour 
highly  charged  with  the  electric  fluids ;  and  if  so,  perhaps  the 
ores  in  some  veins  may  be  even  now  increasing. 

8.  TRAP  OR  BASALTIC  ROCKS. 

Trap  is  now  used  in  a  generic  sense,  and  comprehends  a 
variety  of  rocks,  viz.  syenite,  porphyry,  basalt,  greenstone, 
daystone,  clinkstone,  whinstone,  and  toadstone.  It  is  chiefly 
in  dykes  and  large  veins,  that  intersect  all  formations  from  the 
granitic  to  below  the  chalk  series.  But  it  often  occurs  in  vast 
overlying  masses,  which  in  some  places  are  said  to  be  stratified; 
however  the  stratification  does  not  seem  to  be  anywhere  com- 
plete, and  with  this  slight  exception  it  is  decisively  igneout; 
being  a  continuation  of  the  granites  from  which  it  chiefly  differs 
by  containing  less  quartz,  and  hornblende  instead  of  mica ;  it 
dso  contains  soda,  while  the  alkali  of  granite  is  potas.  The  trap 
rocks  are  all  so  nearly  allied,  that  they  pass,  in  many  cases, 
into  each  other,  and  very  often  into  the  rocks  with  which  they 
are  associated. 

Sjfenite,  Primitive  syenite  seems  to  be  granite  with  horn- 
blende instead  of  mica,  but  the  secondary  consists  of  feldspar 
and  hornblende.  The  feldspar  is  generally  red,  and  the  horn- 
blende black  or  dark-green ;  when  the  latter  predominates  and 
its  crystals  are  small,  it  is  called  greenstone.  It  occurs  ia 
Chamwood  forest,  in  the  Malvern  Chain,  in  Cornwall,  Wales, 
and  Cumberland.  In  the  Isle  of  Skye,  greenstone,  amygdaloidal 
claystone,  common  pale  syenite,  micaceous  syenite,  and  simple 
blue  claystone  are  found  in  irregular  alternations;  in  some 
places,  by  the  addition  of  a  little  quartz,  it  assumes  the  charac- 
ter of  porphyry ;  and  in  others,  by  a  slight  mixture  of  mica  it 
presents  a  granitic  appearance.  It  abounds  in  Upper  Egypt 
or  Syene,  whence  its  name.  .    . 

Porphyry.  By  porph^ritic  rocks  is  generally  understood  a 
rock  with  a  compact  crystalline  cement,  in  which  very  small 
crystak  are  imbedded,  so  that  it  generally  requires  another 
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term  to  make  it  appropriate.  Thus,  homstone  porpbyry,  clay- 
stone  porphyry,  pitchstone,  and  obsidian  porpbyry.  The  base 
is  nearly  allied  to  trap,  and  its  crystals  are  generally  quartz  and 
feldspar.  Porphyritic  rocks  occur  in  the  neighbourhood  of 
volcanoes.  Chimboraco,  the  highest  of  the  Andes,  rises  21,440 
feet  above  the  sea-level ;  the  primary  rocks  only  reach  half  the 
height,  the  rest  is  an  immense  pile  of  volcanic  matter ;  so  that 
granite,  gneis,  drc,  and  then  porphyry,  and  basalt  with  other 
volcanic  products  succeed  each  other,  **  arranged  in  the  form 
of  regular  and  immense  columns,  which  strike  the  eye  of  the 
traveller  like  the  ruins  of  enormous  castles  lifted  into  the  sky.'' 
It  is  found  in  most  places  along  with  syenite. 

Basah  t^nd  Whinsiane.  Syenite,  porphyry,  and  basalt  have 
frequently  a  columnar  structure,  and  form  mountainous  ranges 
of  columns  of  imposing  grandeur  similar  to  granite.  The  glo- 
bular  structure,  as  in  granite,  also  prevails  in  (hose  rocks,  and 
gives  the  horizontal  sections  of  the  columns  the  ball  and  socket- 
like form,  so  much  dilated  on  by  travellers  who  have  viewed 
the  Giant's  Causeway.  When  melted  basalt  or  lava  is  cooled 
rapidly,  it  forms  a  glassy  substance;  if  cooled  slowly,  it  has  a 
stony  texture;  but  if  very  gradually,  it  rends  into  the  prismatic 
or  columnar  form.  '*  The  most  usual  character  of  the  basaltic 
rocks  in  England,  are,  an  iron  grey  colour  approaching  to 
black ;  a  considerable  tenacity  and  hardness,  a  sharp  and  some- 
.  times  a  conchoidal  fracture,  a  granular  aspect  often  reflecting 
light  from  a  number  of  brilliant  spots  or  strias,  some  of  which 
seem  to  be  feldspar,  others  hornblende  or  augite;  very  liable 
to  superficial  decomposition,  in  which  case,  the  colour  passes 
from  the  further  oxydation  of  the  contained  iron,  to  a  rusty 
brown,  often  mingled  with  spots  of  green  arising  apparently 
from  the  grains  of  hornblende." 

In  Avergne,  in  France,  is  a  remarkable  range  of  about  00 
volcanic  mountains  chiefly  consisting  of  basalt,  but  accompanied 
with  blocks  of  granite,  and  transition  slate  exhibiting  the  action 
of  fire.  This  scene  of  antediluvian  volcanoes  extends  over  an 
area  of  several  thousand  square  miles.  But  the  most' remark- 
able range  of  this  kind  is  that  in  which  the  famous  "  Giant's 
Causeway"  is  situated  in  the  north-east  point  of  Ireland.  This 
extensive  formation  of  basaltic^ rocks  is  supposed  to  have  existed 
nearly  in  the  same  parallel  of  longitude,  from  the  Canary  and 
Madeira  Isles,  to  Ireland  and  Scotland,  the  Hebrides  and  Ice- 
land : — the  volcanoes  of  the  northern  and  southern  extremitiea 
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being  still  in  an  active  state.  The  Giant's  Causeway  comprises 
two  principal  promontories  eight  miles  apart,  consisting  of 
▼arions  ranges  of  pillars  and  strata,  which  rise  perpendicularly 
from  the  sea  to  an  elevation  of  500  feet.  Snch  is  the  regularity 
of  the  columns,  that  they  seem  to  vie  with  works  of  art ;  and 
such  the  grandeur  and  magnificence  of  the  scene,  that  every 
one  while  viewing  it,  seems  lost  in  wonder.  Another  scene  of 
the  same  kind  is  presented  in  the  isle  of  Staffa  one  of  the 
Hebrides. 

What  are  called  Whindykes  belong  to  this  series  of  rocks. 
They  are  clefts  in  the  solid  rocks  filled  with  basaltic  materials, 
and  extend  many  miles  across  a  country,  splitting  some  rocks, 
while  they  are  overlaid  by  others,  and  generally  depressing  the 
strata. or  forming  a  slip  on  one  side.  The  most  interesting  one  in 
a  geological  point  of  view,  is,  perhaps  the  one  called  Cockfield  or 
Cleveland  Dyke: — because  it  is  evidently  posterior  in  formation 
to  the  oolitic  series  of  rocks  through  which  it  ranges.  It  is 
supposed  to  extend  eastward  to  the  German  Ocean.  It  passes 
seven  miles  southward  of  Whitby,  leaves  the  oolitic  range  on 
the  southern  side  of  Roseberry  Topping,  crosses  the  Tees  two 
or  three  miles  to  the  south  of  Stockton,  passes  at  about  the 
same  distance  to  the  northward  of  Darlington,  (though  it  is  no 
where  visible  in  the  magnesian  limestone  formation  which  it 
here  enters,)  forms  the  high  ridge  of  Bolam,  three  or  four  miles 
southward  of  Bishop's  Auckland;  at  Cockfield  Fell,  it  comes  in 
contact  with  the  coal  strata,  which,  on  the  north  side,  are 
depressed  11  feet.  The  hw  main  coal  contiguous  to  the  basalt 
is  only  9in.  thick,but  at  the  distance  of  50yds. from  it  enlarges  to 
6  feet.  The  coal  is  reduced  to  a  cinder,  and  the  sulphur  is 
sublimed  from  the  pyrites  near  to  the  dyke.  From  Cockfield 
Fell  it  is  supposed  to  extend  into  the  leadmine  district.  Its 
width  is  17  feet,  and  it  supplies  materials  for  nearly  all  the 
turnpikes  within  10  miles  on  each  side,  both  in  the  north  east 
corner  of  Yorkshire,  and  the  southern  edge  of  Durham. 

The  Great  Whinsill  is  a  stratified  or  horizontal  mass  con«« 
formably  arranged  near  the  middle  of  the  carboniferous  or 
mountain  limestone,  and  may  be  traced  even  from  Cross  Fell  to 
the  bed  of  the  river  Tees.  In  some  places  the  thickness  is  about 
6  fathoms,  in  others  20  or  30.  It  consists  of  basalt,  coarse 
grained  in  texture,  and  composed  of  white  feldspar,  and  black 
hornblende :  the  latter  mineral  predominating  and  giving  the 
rock  a  dark  greenish  grey  colour.    It  is  supposed  to  form  the 


Digitized  by  VjOOQIC 


432  GEOLOGY. 

cascades  of  Caldron  Snout,  High  Force,  and  to  extend  as  fir 
down  the  Tees  as  Egglestone  Abbey  a  mile  below  Barnard 
Castle,  where  it  forms  some  of  the  beautiful  scenery  of "  Rokeby." 
Sir  W.  Scott  calls  it,  here,  "  Porphyry.** 
^  The  basaltic  beds  of  Derbyshire  often  allejfnate  with  the  car- 
boniferous limestone,  and  generally  in  three  beds.  It  is  here 
called  Toadstane  from  its  spotted  appearance  resembling  a 
toad's  back.  The  basalt  of  Staffordshire  forms  a  number  of 
hills  around  Dudley.  The  streets  of  Birmingham  are  paved 
with  it,  where  it  goes  by  the  name  of  Rowley-rag:  the  village 
of  Rowley  standing  on  the  highest  of  its  hills.  The  Titterstone 
Clee  -hills  of  Shropshire  are  of  the  Rowley-rag,  and  are  con- 
nected with  a  dyke  of  100  feet  in  width. 

It  would  greatly  exceed  our  limits  to  enumerate  all  the 
basaltic  beds  and  whin  dykes  that  alternate -with  the  Pennine 
rocks  or  traverse  the  coal  measures.  Some  of  the  mountains 
near  Ulswater  are  capped  with  basalt,  and  basaltic  ranges  are 
common  in  all  parts  of  the  world,  forming  both  the  highest  and 
lowest  rocks;  and,  in  some  measure,  serving  as  geological 
chronometers  and  indices  that  point  out  the  subsidences,  which 
have  new  modeled  a  considerable  part  of  the  earth's  surface 
since  the  formation  of  the  transition  rocks  down  to  the  latest 
series.  The  trap  of  Northumberland  at  and  near  Holy-Isle, 
the  Great  Wliinsill  and  the  toads  tone  of  Derbyshire  seem  coeval 
with  the  Pennine  Chain,  and,  of  course,  prior  in  formation  to 
some  of  the  metallic  veins.  Yet  the  Cleveland  dyke  is  in  the 
oolites,  and  in  the  Western  Isles  the  basalt  of  the  Giant's 
Causeway  overlies  the  lias,  and  in  Ireland  even  the  chalk. 
The  Giant's  Causeway  we  therefore  suppose  was  formed  at  the 
subsidence  of  the  Atlantic  continent,  at  which  time  perhaps  the 
British  primitive  mountains  were  depressed  to  their  low  eleva- 
tion when  compared  with  the  Alps. 

That  the  Giant's  Causeway  was  originally  deposited  under 
the  ocean,  or  at  least  that  the  ocean  swept  over  it  before  it  was 
solidified,  is  evident,  since  it  appears  to  have  had  a  horiaontml 
surface  uniform  with  the  summits  of  its  highest  cliffs,  and  all 
the  inequalities  of  its  surface  are  obviously  occasioned  by  the 
materials,  which  filled  the  valleys,  having  been  washed  awaj. 
Now  had  the  whole  mass  been  solidified  previoosly  to  the 
retiring  of  the  ocean,  no  force  of  water  would  have  so 
scooped  out  the  valleys,  and  left  the  promontories  standing 
And  as  the  efinsed  basalt  rests  upon  the  chalk,  may  we  not 
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suppose  that  the  unindarated  materials,  uniting  chemically  with 
the  water,  were  floated  to  a  distance  by  the  ocean,  and  that  a 
portion  of  them  was  deposited  in  the  great  European  basin  and 
formed  the  Plastic  Clay.  The  subsidence  of  the  Irish  Sea  per* 
haps  took  place  at  the  same  time ;  though  this  seems  to  hare 
been  principally  occasioned  by  a  subsequent  subsidence  of  the 
whole  British  continent,  or  of  Great  Britain  and  Ireland,  when 
the  prunary  rocks  sunk  to  the  sea-level,  and,  of  course,  the 
water  orerilowed  the  later  fomiatiohs. 

That  all  the  trap  or  basaltic  formations  have  been  ejected 
firom  the  bowels  of  the  earth  in  a  fluid  state,  though  occasionally 
blended  with  the  contiguous  materials,  is  verj  evident  from  the 
number  of  dykes  mostly  found  connected  with  them.  In  the 
western  promontory  of  Bengore,  Giant's  Causeway,  no  less 
fhan  11  dykes  have  been  observed,  with  a  slip  of  80  or  40  feet. 
Throughout  tlie  whole  range  of  the  Western  Isles,  there  is 
scarcely  a  rock  which  is  not  intersected  by  basaltic  veins  or 
dykes  of  various  forms,  according  to  the  nature  of  the  rocks 
which  have  been  split  for  their  reception. 

That  the  liquefaction  was  caused  by  heat  is  no  less  evident, 
since  the  rocks  which  they  cut  through  are  always,  in  the  con- 
tignons  parts,  changed  as  by  the  action  of  fire,  and  that  some- 
times to  a  considerable  distance.  In  some  instances  the  trap 
graduates  into  the  containing  rock,  a  proof  that  the  latter  had 
contributed  to  the  former ;  but  in  other  cases,  the  fused  rock 
constitutes  a  new  substance  by  itself.  Thus:  grit  becomes 
compact  quartz ;  shale  becomes  flinty-slate,  or  porcelain  jasper, 
or  even  both  as  in  the  Western  Isles  and  Ireland ;  where  shale 
contains  organic  remains,  it  is  by  the  contact  of  trap  converted 
into  Jjydian-stone.  Limestone  becomes  highly  crystallized, 
and  coal  is  invariably  charred.  A  variety  of  the  inferior  kinds 
of  precious  stones  are  also  frequently  found  in  contact  with  the 
trap ;  in  one  or  two  instances,  strings  of  lead  are  found  between 
it  and  the  divided  rock ;  but  snch  strings  no  where  penetrate 
the  basalt,  though  in  the  beds  of  Derbyshire  toadstone,  the  ore 
seems,  in  some  instances,  to  be  mixed  with  it 

9.  VOLCANIC  PRODUCTS. 

Thbsb  are  the  substances  ejected  from  volcanoes.  In  some 
countries  they  form  a  very  important  class,  and  in  all  are  much 
more  numerous  than  is  generally-  supposed.    They  consist  of 
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pumice-stone,  obsidian  or  volcanic  glass,  tufa,  and  Tolcanio 
breccias,  .wbicb,  when  ejected  in  a  fluid  state,  are  mostly  in- 
cluded under  the  general  term  lava*  Sulphur  is  usually  among 
the  products  of  regular  volcanoes,  and  almost  all  extinct  volca* 
noes  become  sulphur  mines.  In  some  old  craters  are  also  found 
gold,  mercury,  and  several  other  materials. 

The  explosions  of  volcanoes  are  always  preceded  by  earth- 
quakes, and  tremendous  noises, — at  length  the  lava  flows  over 
the  top  of  the  crater,  or  breaks  out  from  the  sides  of  the  moun- 
tain, sometimes  covering  hundreds  of  square  miles  of  the  neigh- 
bouring plain  with  melted  matter  of  several  yards  in  thickness. 
Intensely  black  clouds  of  pulverized  pumice  often  form  over 
the  crater,  which  towards  the  conclusion  become  white.  By 
one  eruption  of  ^tna  an  area  of  50  miles  diameter  was  thus 
covered  12  feet  thick.  Some  volcanoes  emit  torrents  of  water 
mixed  with  mud,  and  stones — liquid  chalk  has  also  been  ejected, 
and  at  the  commencement,  masses  of  rock  of  most  enormous 
size  are  projected  to  an  immense  distance. 

Lavas  are  chiefly  composed  of  feldspar  and  hornblende,  the 
same  as  the  trap  rocks,  of  which  they  are  a  mere  continuation. 
They  often  contain  large  imbedded  crystals  of  garnet,  lencite, 
olivine,  augite,  vesuvian,  and  zeolite ;  and  they  frequently  re- 
semble scoria  from  a  furnace.  When  lava  is  light  coloured, 
porous  and  fibrous,  it  is  called  pumicestane.  The  island  of 
Lipari  contains  a  mountain  of  white  pumice,  whence  England 
is  chiefly  supplied : — it  is  principally  feldspar.  Pumice  has 
been  met  with  floating  on  the  sea,  covering  a  tract  of  300  miles 
in  extent,  at  a  great  distance  from  any  known  volcano. 

Obsidian  or  volcanic  glass  nearly  resembles  common  black 
glass;  but  it  is  harder  and  strikes  fire  with  steel: — though  it  u 
sometimes  porous  and  spongy.  In  Lipari  is  a  mountain  of  it, — 
veins  of  it  intersect  the  summits  of  Vesuvius,  and  it  it  is  found 
in  most  volcanic  districts.  It  sometimes,  as  on  the  Peak  of 
Tenerifie,  graduates  into  pitchstone.  Obsidian  is  melted  basalt 
cooled  very  suddenly. 

Pulverized  pumice,  when  ejected  and  deposited  on  the  earth's 
surface  as  above  described,  by  the  action  of  rain  and  the  air, 
indurates  into  tufa  used  for  building  stone,  A  variety  contain- 
ing a  greater  quantity  of  alumina,  when  mixed  with  two-thirds 
lime,  forms  a  cement  that  sets  under  water,  known  by  the  name 
oitarras  and  pti2zo/ano,  which  are  sometimes  made  artificially  by 
burning  clay-slate  that  contains  iron. 
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Submarine  volcanoes  are  attended  by  a  violent  boiling  and 
agitation  of  the  water,  with  the  discharge  of  gas  which  inflames 
when  it  comes  in  contact  with  the  air,  and  spreads  in  sheets 
along  the  wares.  Masses  of  rock  are  sometimes  ejected  that 
soon  raise  the  crater  above  the  surface  of  the  sea,  but  at  other 
times,  the  rock  rises  en  masse  above  the  waves  and  remains  a 
black  reef.  In  1783  a  submarine  volcano  broke  out  near  Ice- 
land, raged  for  several  months,  then  subsided,  leaving  only  a 
reef  of  rocks.  An  island  was  formed  among  the  Azores  in  1720, 
nine  miles  in  circumference; — it  afterwards  sunk  to  tbe  level  of 
the  sea.  In  1811  a  large  black  rock  rose  near  St  Michaers, 
one  of  the  Azores.  It  was  visited  by  the  crew  of  an  English 
frigate,  the  Sabrina.  The  captain  left  his  flag  staff  on  it — came 
to  England  with  the  news — was  sent  back  with  a  commission  to 
take  formal  possession  of  it; — but  when  he  arrived  at  the  scene, 
both  island  and  flag  staff  were  gone!  There  are  now  80 
fathoms  water  in  the  place. 

Submarine  volcanoes  have  been  frequent  in  the  Archipelago. 
An  island  was  formed  near  Santorini  in  the  year  1767,  and  many 
such  formations  are  stated  to  have  taken  place  in  the  last  two 
thousand  years.  Three  of  the  more  ancient  are  recorded  by 
Pliny,  Strabo,  and  Seneca.  Indeed  not  only  the  Archipelago, 
but  the  whole  tract  from  JEtna  to  Mount  Arrarat,  seem  to  be 
placed  on  an  active  volcanic  mine. 

It  would  far  exceed  our  limits  to  enumerate  all  the  volcanic 
districts,  few  primary  or  even  transition  mountains  are  without 
them  either  active,  dormant,  or  extinct.  The  sea  is  id  many 
parts  of  the  world  besprinkled  with  volcanic  islands,  even 
most  parts  of  the  West  Indies  exhibit  traces  of  them;  the 
Caribees,  Martinique,  Guadaloupe,  and  8t  Lucia,  might  be 
especially  instanced,  IV^ontserrat  contains  one  in  an  active 
state.  A  great  many  lakes  seem  to  owe  their  origin  to  the  sub- 
sidence of  volcanic  craters.  It  has  been  remarked  that  the 
shocks  of  earthquakes  always  seem  to  those  in  the  neighbour- 
hood of  lakes  to  proceed  from  them;  and  tbe  frequently  violent 
agitation  of  the  waters  in  the  Keswick  and  some  other  Cumbrian 
lakes,  indicates  something  of  a  volcanic  action.  In  some 
instances  large  tracts  with  cities  upon  them,  as  was  the  case 
with  the  city  of  Euphemia  in  1638,  have  sunk  down  with  their 
inhabitants  and  for  ever  disappeared,  leaving  only  a  lake  behind; 
and  of  the  same  nature  was  perhaps  the  fate  of  Sodom  and 
Oomorrha,  and  the  origin  of  the  lake  Asphaltes  or  Dead  Sea. 
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But  we  have  at  least  one  instance  of  a  moantain  or  hill  rising 
oat  of  a  lake;  viz.  Mcn^e  Nuoco,  which  in  the  year  1538»  rose, 
in  the  space  occupied  by  the  Lncrine  Lake,  to  an  elevation  of 
600  feet,  and  a  circumference  at  the  base  of  4  miles.  In  1760, 
a  volcano  broke  out  in  an  elevated  plain,  that  was  in  a  state  of 
cultivation,  within  six  days  journey  of  Mexico.  A  tract  of 
ground  «f  3  or  4  square  miles  in  extent  rose  up  like  a  bladder 
to  an  elevation  of  524  feet  Flames  issued  out  of  the  ground, 
fragments  of  red  hot  rocks  were  thrown  to  a  prodigious  hei^t, 
through  a  cloud  of  ashes  illuminated  by  the  volcanic  fire ; — 
two  rivers  precipitated  themselves  into  the  burning  crevices, 
and  their  waters  increased  the  flames.  Thousands  of  small  cones 
were  formed,  which  still  contain  considerable  heat,  and  enut 
smoke  that  rises  to  the  heiglit  of  12  or  16  yards.  In  several*  a 
subterraneous  noise  is  heard,  like  a  fluid  boiling  at  no  great 
depth.  Six  new  mountains  of  a  much  higher  elevation  were 
formed,  which  still  remain;  the  largest  of  them  is  now  called, 
the  volcano  of  Jomilo.  The  whole  of  the  mountainous  part  of 
Quito,  occupying  more  than  seven  hundred  square  leagues,  and 
throwing  out  flames  from  difierent  cones,  as  Cotopaxi,  Tingnra- 
famra,  and  Pichincha,  is  supposed  by  Humboldt  to  be  one 
▼oteano;  and  there  are  not  less  than  42  volcanoes,  some  active, 
among  the  Azores. 

In  old  volcanoes,  such  as  ^tna,  the  Peak  of  Teneriffe,  and 
some  of  those  among  the  Andes,  the  eruptions  are  after  intervals 
of  almost  a  century;  while  Stromboli  and  others  of  small  elevar 
tion  are  continually  active. 

Closely  allied  to  volcanoes  ore  hot  springs,  which  generally 
prevail  in  volcanic  and  basaltic  districts.  A  feW  minutes  before 
the  shock  of  the  earthquake  at  Lisbon,  1756,  tho  hot  springs 
at  Toplitz  in  Bohemia  ceased  for  a  minute,  and  then  burst  forth 
with  prodigious  violence  and  a  higher  temperature,  which  has 
continued  ever  since.  The  hot  waters  at  Bristol  became  of  a 
red  colour,  and  continued  so  for  some  months 

The  corroborating  evidence  of  our  theory,  arising  from  vol- 
canoes, is  very  great;  but  it  must  not  be  omitted,  that  by  some 
speculative  geologists,  they  will  be  thought  to  prove  too  much, 
and  therefore  notlung.  For  th^re  are  theorists  who  ascribe  the 
origin  of  all  the  primary  and  transition  mountains  to  an  internal 
volcanic  power,  acting  beneath  and  protruding  these  roeks 
thirough  the  later  fbrmations.  This  power  they  ascribe  to  the 
expansive  force  of  gas  or  steam,  without  saying,  as  far  as  we 
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can  di80o?er»  when  they  have  got  a  range  of  mountains  elevated 
how  it  is  suspended.  A  weight  suspended  hy  a  hody  of  aeri- 
form substances,  unless  these  substances  be  in  an  air  tight  and 
unchangeable  reservoir,  and  at  an  equable  temperature,  such  as 
the  mountains  perforated  by  volcanoes  or  emitting  springs 
sometimes  of  hot  water  cannot  be,  would  be  in  a  constant  tre- 
mour.  However,  wo  perhaps  do  not  essentially  diflfor  from 
these  theorists ;  for  we  suppose  that  the  primary  and  transition 
mountains  were  partly  protrusions  of  .internal  parts  of  the 
earth's  surface,  and,  to  a  certain  degree,  of  elevations  of  the 
external  shell.  But,  wo  affirm  that  the  protruding  force  was  not 
gas  or  steam ;  but  the  subsidence  of  a  large  area  of  the  earth's 
surface,  and  the  unequal  pressure  thereby  caused  on  the  fluid 
nucleus  of  the  earth.  As  when  a  puddle-hole  of  two  or  thtee 
feet  diameter,  with  an  inch  or  two  of  water,  is  cased  over  with 
half  an  inch  or  so  of  ioe,  and  we  tread  on  the  centre,  the  puddle 
rises  up  round  the  edges,  while  the  centre  subsides.  Transfer 
this  principle  to  the  great  European  basin,  or  the  Pacific 
Ocean  on  the  westeni  side  of  South  America,  and  we  have  the 
Alps  and  the  Andes  as  parts  of  the  surrounding  edges  of  our 
subsidences. 

That  we  may  have  the  weight  of  the  foot;  suppose  the  eartU, 
at  a  certain  period,  like  an  orange,  with  the  sea  surrounding 
the  whole  at  an  equable  depth,  the  earth's  centre  of  gravity 
would  therefore  be  the  exact  centre  of  the  mass.  Now,  at  this 
period  the  developement  of  the  electric  fluids  would  be  incon* 
ceivably  greater  than  at  present,  and  discharges  or  shocks 
similar  to  our  earthquakes  would  be  frequent:  suppose  a  shock 
took  place  at  the  time  of  high  water  in  a  spring  tide,  this  might 
cause  an  indentation  of  the  earth's  shell,  into  whose  cavity  the 
ocean  would  be  immediately  drained.  The  equilibrium  of  the 
earth's  surface  would  be  consequently  destroyed:  the  contained 
water  being  the  weight  of  the  foot  on  our  puddle  hole,  and  as 
the  process  was  continued,  lesser  indentations  would  be  swal- 
lowed up  by  greater  subsidences. 

We  might  mention  several  recent  subsidences  of  the  earth  on 
a  small  scale ;  and,  perhaps,  it  would  not  be  too  much  to  ascribe 
the  action  of  volcanoes  to  subsidences  on  a  large  scale.  It  is 
certain  that  volcanoes  are  generally  in  lines  or  strings, — the 
new  ones,  of  which  Jorullo  is  the  chief,  are  ranged  along  a 
fiseure  that  has  been  traced  to  an  immense  distance ;  the  new 
mouths  of  Vesuvius  are  along  a  rent  that  intersects  the  moun- 
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tain ;  and,  generally,  when  one  volcano  of  a  chain  is  rery  Airi- 
ouB,  all  the  others  shew  less  or  more  activity.  Indeed  it  would 
he  difficult  to  conceive  how  a  volcano,  ^tna  for  instance,  could 
emit  such  a  pile  of  matter  from  beneath  its  foundations,  without 
subsiding  and  being  ingulfed  in  its  own  ruins.  Is  it  not  more 
probable,  that  by  a  subsidence  of  the  earth,  caused  by  the 
weight  of  the  Mediterranean,  fluid  matter  is  pressed  from  a 
distance  towards  the  foundation  of  the  volcano,  and  finally  finds 
vent  at  the  orifice,  which,  coming  into  the  comparative  vacuum 
of  the  atmosphere,  is,  by  the  expansive  force  of  heat,  dispersed 
with  the  various  phenomena  that  attend  an  eruption  ? 

COAL  FORMATIONS. 

The  concluding  remarks  of  the  last  section  will  properly 
introduce  the  subject  of  the  present.  For  as  we  have  supposed 
the  inequalities  of  the  earth's  surface  to  have  been  occasioned 
by  subsidences,  and  consequent  change  of  place  of  the  ocean ; 
and  as  the  waters  were  stocked  with  living  creatures  (shell-fish), 
and  the  land  supplied  with  vegetables, — tkeae  must  have  been 
ingulfed  along  with  the  earthy  materials,  and  we  must  expect 
that  traces  of  them  will  still  remain.  Now  although  there 
might  be  few  organized  bodies  at  the  first  subsidences;  yet, 
perhaps  the  sea  was  as  pregnant  with  life,  and  the  dry  land  as 
abundant  with  vegetation  before  the  formation  of  our  primary 
rocks,  as  they  have  ever  been  since.  There  are  two  reasons, 
besides  that  stated  at  Sec.  4,  why  organic  remains  should  not 
be  found  in  primary  rocks :  the  one,  because  they  would  be 
blended  with  such  a  vast  quantity  of  earthy  materials  as  must 
necessarily  make  them  appear  comparatively  few : — the  other, 
because  these  earthy  materials  would  be  solved  by  heat,  conse- 
quently the  organization  would  be  destroyed :  the  shells  would 
be  converted  into  primitive  limestone,  and  the  vegetables  into 
anthracite,  or  assist  in  the  formation  of  bituminous  slate. 

We  shall  therefore  consider  the  primary  rocks  as  destitute  of 
organic  remains ;  in  the  transition  are  found,  though  but  spar- 
ingly, corals,  encrinites  and  testacea;  the  mountain  limestone 
seems  almost  composed  of  these  and  certain  others  with  occa- 
sional vertebrae  of  fish,  sharkVteeth,  and  many  singular  palatal 
tritores  and  the  radius  of  a  Balistes.  The  same  may  be  traced 
through  the  millstone  grit,  with  the  addition  of  nodules  of  iron- 
stone containing  muscle  shells.    The  coal  measures  present  few 


Digitized  by  VjOOQIC 


GEOLOGY  490 

shells,  and  it  is  doabtfal  whether  those  they  do  contain  are 
fresh  water  or  marine, — by  some  it  is  believed  they  belong  to 
both.  The  organic  remains  in  the  magnesian  limestone,  which 
rests  on  the  coal  measures,  are  very  rare ;  and  the  new-red- 
,  sandstone  contains  none,  which  seems,  as  it  were,  to  mark  the 
interval  between  an  old  and  new  world, — for  all  the  organic 
remains  in  the  succeeding  formations  are  different,  with  very 
few  exceptions,  from  those  contained  in  the  rocks  we  have 
been  describing. 

We  find  the  same  similarity  prevail  among  the  vegetable  re- 
mains throughout  these  formations,  that  is  observed  among  the 
animal.  The  first  occur  among  the  upper  strata  of  the  clayslate, 
the  lowest  of  the  transition  series;  these,  with  the  few  that 
are  met  with  in  the  intervening  formations  partly  agree  with 
the  vegetable  remains  of  the  coal  measures,  which  besides 
abound  in  ferns,  flags,  reeds  of  unknown  species,  and  large 
trunks  of  succulent  plants,  strangers  to  the  present  globe,  and 
more  nearly  agreeing  with  the  productions  of  the  torrid  zone 
than  with  those  of  the  temperate,  and  with  moist  rather  than 
dry  situations.  **  All  the  strata  incumbent  on  coal  contain  a 
great  variety  of  vegetables  or  the  impressions  of  them ;  and 
particularly  the  bamboo  of  India,  striated  and  jointed  at  different 
distances;  the  Euphorbia  of  the  East  Indies,  the  American 
ferns,  corn,  grass,  and  many  other  species  of  the  vegetable 
kingdom,  npt  known  to  exist  in  any  other  part  of  the  world  in  a 
living  state.  They  are  inclosed  in  the  solid  substance  of  stone 
and  clay.  Tbe  Schistus  beds  in  the  Rolling  Hill  pit  near 
Felling,  affords  beautiful  specimens  of  fine  cones,  ears  of  barley 
and  roots  of  turnips,  the  last  of  which  are  converted  into  iron- 
stone. In  tbe  schistus  beds  in  the  colliery  of  South  Shields 
are  also  frequently  discovered  the  shells  of  cockles,  and  other 
marine  animals.  Sometimes  large  trees  are  found  extending 
out  of  the  strata  of  indurated  clay,  into  those  of  sandstone  as 
at  Kenton,  where  are  seats  of  stone  hewn  out  of  these  remark- 
able  fossils,  that  shew  the  yearly  rings  of  the  tree,  and  the 
roughness  of  the  bark.  As  far  as  the  rock  was  cut  through, 
this  tree  could  be  traced  even  to  its  smallest  branches,  and  the 
stratum  in  which  its  roots  were  fixed  seemed  one  uninterrupted 
continuation  of  vegetable  impressions."  See  "  I%e  Picture  of 
Newcastle'UpoH'  Tyne.^' 

In  the  great  revolutions  or  subsidences  to  which  the  surface 
of  the  earth  has  been  sabject,  vast  quantities  of  trees  and  other 
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vegetable  productions,  as  well  as  some  animal  sabstances,  have 
been  swept  into  the  indentations  or  cavities,  (or  by  such  allavial 
processes  as  are  now  going  on  in  the  river  Mississippi,  have  been 
deposited  in  lakes,  friths,  and  estuaries  of  the  sea,)  and  covered 
up  with  earthy  materials :  these  by  various  processes  of  decom- 
position have  been  converted  into  the  several  varieties  of  coal, 
which  we  are  about  to  enumerate.  All  coal,  therefore,  has 
had  the  same  vegetable  origin,  but  the  decomposition  has  been 
different  in  every  rock  or  formation,  being  the  most  complete 
or  carried  on  to  the  greatest  extent  in  the  oldest  rocks;  and, 
therefore,  each  formation  from  the  primary  mica-slate — to  the 
alluvial  of  the  present  day,  has  its  peculiar  kind  of  coal. 

1.  The  most  ancient  kinds  of  coal  are  the  beds  of  amtbraciie 
and  plumbago  contained  in  the  mica-slate,  and  some  otiier  locks 
classed  among  the  primaries.  The  process,  which  has  converted 
vegetable  substances  into  these,  is,  in  principle,  exacUj  the 
same  as  that  carried  on  in  our  gas  works ; — so  that  these  beds 
may  be  considered  as  the  coke.  Where  the  coal  was  exposed 
to  the  air,  the  whole  of  the  carbonaceous  matter  was  dispersed, 
knd  we  have  only  beds  of  martial  pyrites  remaining : — sulphur 
and  iron  being  abundant  in  all  the  older  coal  formations. 

2.  As  the  transition  and  all  the  trap  rocks  wtsre  principally 
formed  in  the  medium  of  heat, — the  latter  being  completely 
fused  and  the  former  partially  so, — in  both  cases  the  bitumin- 
ous parts  of  the  coaly  or  vegetable  materials  would  be  dis- 
persed : — hence  the  same  beds  are  found  amongst  the  transition 
and  trap  formations :  but  as  the  fusion  of  the  transition  was 
only  partial,  so  we  often  find  bitumen  in  the  crevices  of  these 
rocks,  and  also  in  the  rocks  of  the  Pennine  chain,  though  a 
coal  approaching  in  character  nearly  to  that  of  the  great  coal 
formation  occurs  in  the  latter,  with  abundance  of  bituminous 
springs. 

8.  Hitherto  the  vegetable  deposits  have  been  subject  to  heat, 
so  as  in  some  cases,  as  among  the  primaries  and  trap  formations^ 
to  disperse  both  the  carbon  and  hydrogen, — in  others -the  car- 
buretted  hydrogen  gas ; — and  in  others  merely  to  cause  a 
liquefaction,  (for  coal  is  very  fusible  when  submitted  to  heat  in 
close  vessels  so  that  its  parts  cannot  evaporate,)  when  its  bits- 
men,  which  is  carbon  and  a  large  quantity  of  hydrogmi  fonning 
coal  oil,  was  separated,  as  among  some  of  the  transition  and  the 
Pennine  rocks :  but  we  now  come  to  those  deposits  whioli  luive 
suflTered  comparatively  little  from  heat 
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A  great  many  experiments  have  been  tried  on  wood  and  the 
different  kinds  of  coal  with  various  results :  though  ail  tending 
to  prove  the  vegetable  origin  of  coal,  yet  not  satisfactorily  prov* 
ing  the  gradation  from  wood,  through  lignite,  jet,  common  coal, 
bitumen,  and  anthracite  to  plumbago  the  other  extreme  of  the 
carbonaceous  series.  However,  it  should  be  remembered^  that 
no  process  in  the  labratory  can  be  exacdy  assimilated  to  that 
which  must  have  converted  vegetable  matter  into  coal.— First, 
we  have  a  space  of  time  of  four  or  five  thousand  years;  we 
have  the  presence  of  water  in  some  cases,  and  perhaps  its 
absence  in  others;  then  we  have  heat — nevertheless  no  forma- 
tion posterior  to  the  new-red-sandstone,  has  been  affected  by 
heat; — consequently  the  coal  of  the  next  succeeding  series,  the 
lias,  is  only  jet.  But  Dr.  MaccuUoch's  experiments  seem  to 
prove,  that  jet,  submitted  to  heat  under  pressure,  becomes  coal. 
The  coal  beds  are  buried  beneath  strata  of  shale  and  sandstone 
of  many  hundreds  of  feet  in  thickness,  we  therefore  have  a 
sufficient  pressure.  The  new-red-sandstone  which  overiies  the 
coal  measures,  and  therefore  of  posterior  formation,  in  some 
places  graduates  into  trap,  shewing  that  the  temperature  of  tbe 
earth's  surface  must  have  been  very  great  since  the  deposition 
of  the  coal  measures.  We  suppose  the  coal  strata,  then,  to 
have  been  affected  by  heat; — but  a  different  heat  from  that 
which  changed  the  new-red-sandstone  into  trap,  or  remodelled 
the  transition  and  primaries  : — :the  heat  of  the  coal  being  only 
that  of  steam  or  distillation,  though  perhaps  urged  to  a  higher 
temperature  than  can  be  effected  in  the  labratory,  while  the 
heat  of  the  trap,  transition  and  primary  was  similar  to  that  in 
the  process  of  smelting  ores. — And,  lastly,  while  the  earth's 
surface  was  at  this  high  temperature,  electricity  would  abound 
to  a  proportionate  degree,  with  frequent  discharges,  or  earth- 
quakes. We  have,  therefore,  not  only  time,  water,  heat,  pres- 
sure, but  very  high  charges,  and  occasional  shocks  of  electricity, 
to  assist  the  decomposition,  or  if  we  may  be  allowed  the  expres- 
sion, the  digestion  of  vegetable  substances  into  coal. 

The  above  remarks  principally  apply  to  what  is  called  "  the 
great  or  independent  coal  formation,  which  is  that  included 
between  the  old  and  the  new-red-sandstone.  The  quantity  of 
vegetable  matter  which  must  have  contributed  to  the  formation 
of  this  coal,  must  have  been  inconceivably  great,  and  seems  to 
indicate  a  complete  change  in  the  earth's  surface.    For  this 
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reason  we  have  considered  it  as  marking  the  cune  pronoonced 
upon  the  earth,  (see  Introduction).  This  formation  is  the  pro- 
per subject  of  the  present  section ;  bnt  that  we  may  have  the 
advant^e  of  contrast,  and  may  not  hereafter  have  to  turn  aside, 
we  shall  here  enumerate  the  other  coal  deposits,  which  are 
very  trifling  and  insignificant  when  compared  with  the  present 

4.  The  new-red-sandstone,  is  said,  on  the  continent  to  con- 
tain occasionally  thin  seams  of  coal,  though  no  mention  is 
made  of  any  such  in  England.  In  the  table  land  of  Santa  F^, 
Peru,  1360  toises  above  the  sea  level,  as  also  near  Huanuco, 
at  an  elevation  of  2,800  toises,  near  the  limits  of  perpetual 
snow, — beds  of  coal  are  interposed  in  this  formation. 

5.  The  oolite  series,  contains  different  kinds  of  coal.  In  the 
sands  immediately  on  the  Lias,  is  jet,  as  at  TV  hi  thy ;  and  in 
other  places  there  are  said  to  be  regular  strata  of  workable 
coal,  though  of  inferior  quality,  accompanied  by  vegetable  im- 
pressions. And  the  Kimmeridge  clay  contains  beds  of  bitumim- 
ouM  shale  affording  an  imperfect  fuel. 

6.  The  sands  between  the  oolite  series  and  the  chalk  contain 
thin  seams  of  a  kind  of  cannel  coal, 

7.  A  variety  of  lignite  occurs  with  the  plastic  clay  formation, 
in  the  Isle  of  Wight,  in  the  Paris  basin,  in  the  north  of  France 
and  other  parts  of  the  continent,  alternating  with  beds  of  sand 
and  silt,  and  fresh  water  shells. 

8.  Associated  with  the  basalt  in  the  north  east  of  Ireland, 
and  in  almost  every  tract  of  the  same  formation  on  the  continent, 
especially  in  Hesse  and  Bohemia,  is  vl  lignite,  which  seems  to 
have  originated  with  the  subsidence  that  gave  birth  to  these 
formations,  when  vast  forests  were  entombed  by  the  concussion. 

9.  But  the  most  extensive  deposit  of  lignite  is  that  of  Bovey 
Heath  field,  near  Exeter.  It  consists  of  several  beds  of  some- 
what different  kinds  of  coal,  separated  by  strata  of  clay,  and 
sand  and  gravel.  At  about  73  feet  below  the  earth's  surface 
are  immense  layers  of  timber,  disposed  horizontally  over  each 
other.  The  uppermost  trunks  still  exhibit  bark  little  altered, 
and  the  woody  fibre  completely  ligneous.  Beneath,  the  wood 
is  more  comprest;  but  still,  in  places,  the  laminae  of  the  coal 
undulate,  having  the  appearance  of  the  roots  of  trees.  In  the 
neighbourhood  of  the  coal  field  are  found  trunks  of  fir  trees, 
with  their  roots  fixed  in  the  ground;  hence  it  is  inferred  that 
the  coal  was  formed  from  wood  of  this  kind.    The  lowest  bed  is 
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17  feet  thiok  and  rests  upon  clay,  under  which  19  sand  resem  • 
bling  sea  sand.  The  coal  is  mixed  with  earth  and  is  of  the 
kind,  called  brown  coal. 

On  the  banks  of  the  Rhine  between  Cologne  and  Bonn  is  a 
deposit  of  the  same  kind.  The  bed  of  coal  is  60  feet  in  thickness, 
and  extends  oyer  many  leagues.  It  is  covered  with  a  bed  of 
grarel  from  12  to  20  feet  thick.  In  this  coal  are  imbedded 
trunks  of  trees  with  their  branches  stripped  off,  which  proves 
that  they  had  floated  from  a  considerable  distance,  and  had 
been  in  their  passage  much  tossed  in  the  contending  waves. 
Nuts,  which  are  indigenous  to  China  and  Uindostan,  and  a 
resinous  substance  such  as  is  produced  only  in  warm  climates, 
are  also  found  among  them. 

These  formations  doubtless  originated  in  the  same  manner  as 
these  depositions  now  going  on  in  the  Mississippi ;  -but  as  that 
of  Bovey  Heathfield  is  deposited  upon  secondary  rocks, — it 
must  have  been  formed  posterior  to  them.  Bovey  Heathfield  it 
an  extensive  tract  of  flat  marshy  ground,  surrounded  nearly  by 
secondary  hills,  which  undulate  at  the  foot  of  the  primaries  of 
Dartmoor.  In  the  present  state  of  this  part  of  the  island,  there 
is  no  trace  of  a  river  sufficient  to  produce  such  an  extensive 
deposition.  The  country  all  around  has  extensive  formations 
of  overlying  trap ;  and  we  have  already  stated  our  supposition 
that  the  Bristol  Channel,  as  well  as  the  British  Channel,  were 
formed  by  subsidences  posterior  to  the  oolitic  series; — might 
not,  therefore,  these  trap  formations  originate  with  such  subsi- 
dences ; — and  might  not  the  source  and '  channel  of  this  great 
river  be  upon  the  subsided  Atlantic  continent. 

10.  Allumal,  Peat,  and  Mo$s.  This  is  the  latest  formation, 
and  in  some  places  is  every  day  receiving  fresh  accumulations. 
It  sometimes  consists  of  submerged  forests  covered  with  sand 
and  alluvial  vegetable  productions,  but  its  chief  accumulation 
ia  by  the  growth,  in  Htu,  of  the  sphagnum  palustre,  and  by 
the  waters  draining  from  the  neighbouring  eminences  and 
depositing  their  vegetable  matter.  This  matter  is  chiefly  com- 
posed of  tannin  that  combines  with  the  water : — hence  human 
bodies  have  been  preserved  in  mosses  for  many  centuries,  by 
means  of  the  gelatinous  substance  of  the  skin  &c,  being  converted 
into  leather.  Peat  moss  often  graduates  into  a  kind  of  jet,  or  hard 
ttony-coal,— presenting  a  kind  of.  unmatured  coal  formation, 
llie  lower  beds  of  Bovey  Heathfield  are  of  this  kind,  and  it  has 
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been  supposed  thtt  the  allnyial  matter  was  deposited  on  a  peat 
moss.    They  often  contain  marks  of  human  ingenuity. 

7%e  Coal  FiM  of  Narthumberkmd  and  DuHutm,  or  3%e  New- 
easile  Coal  Field  extends  over  a  large  area  of  the  eastern  parts 
of  these  two  counties;  and  is  from  north  to  south  about  58  miles; 
and,  at  its  greatest  breadth  from  east  to  west,  about  24  :^-the 
whole  surface  of  the  workable  coal  is  calculated  at  180  square 
miles. 

The  series  of  the  Pennine  rocks  dip  beneath  the  coal  mea^^ 
sures,  and  these  again  at  the  east,  dip  beneath  the  magnesian 
limestone,  a  subordinate  of  the  new-red-sandstone.  The  coal 
strata,  dipping  from  the  circumference  towards  the  centre,  give 
the  idea  of  a  basin.  And  as  the  seams  are  at  the  greatest  depth 
at  Jarrow — this  has  been  assumed  as  the  central  point  J  arrow 
is  on  the  southern  banks  of  the  Tyne,  five  miles  from  its  mouth, 
and  the  high  main  seam  is  d20  yards  below  the  grass.  The 
strata,  therefore,  on  all  sides  rise  toward  the  surface,  and  that 
with  an  average  of  one  inch  in  twenty,  though  this  is  irregular: 
consequently,  they  all  basset  out  to  the  westward  befuH-e  the 
millstone  grit  is  seen  at  the  surface.  In  some  places  the  out- 
crcyps  are  visible ;  but  they  are  oftener  hid  beneath  diluvial  or 
alluvial  materials;  among  which  are  fragments  of  hard  black 
basalt,  and  other  trap  rooks  from  the  Cheviot,  and  masses  of 
fine  grained  granite.  As  the  central  point  is  so  near  the  Ger- 
man Ocean,  the  sea  must  eut  off  a  great  deal  of  this  coal  field 
and  wash  a  way  its  strata:^ hence,  after  a  strong  north-east 
wind,  the  coast,  especially  near  Hartlepool  and  the  mouth  of 
the  Tees,  is  covered  with amall  coal,  which  is  carefully  collected 
for  fuel. 

No  less  than  40  beds  of  coal  have  been  enumerated  in  this 
field,  though  some  of  them  are  very  insignificant;  the  two  most 
important  are  Ae  High  and  Low  Main.  The  thiokness  of  the  first 
is  about  6  feet*;  and  that  of  the  second  6^  feet  They  are  360 
feet  asunder;*  and  the  upper  one  is,  at  Newcastle,  about  136 
fathoms  from  the  surCace^  Between  themare  8  thinner  beds; 
and  7  have  been  observed  beneath  the  low  main;  but  the  ooal 
of  the  latter  is  of  inferior  quality,  graduating  into  that  of  the 
millstone  grit  and  shale.  The  coal  beds  and  intervanng  atrata 
differ  much  in  different  places  as  te  thiokness — the  whole  series 
being  about  1620feet;  the^wbole  of  the  coal  beds  44  feet,in  mUA 
are  eleven  beds  not.  workable,  and'five  more  scarcely  so,  hence 


Digitized  by  VjOOQIC 


GEOLOGY  446 

there  are  only  36  or  30  feet  of  workable  coal,  and  an  area  of 
180  sqaare  miles — which  gives  5,575,680  cubic  yards.  Accord- 
ing to  the  present  rate  of  consumption,  and  after  making  ample 
deduction  for  the  quantity  already  consumed,  waste  <^c., — it  is 
concluded  that  it  will  be  800  or  1000  years  before  this  field  is 
exhausted. 

The  coal  measures  often  form  hills  exceeding  1000  feet  in 
height;  but  the  inequality  of  the  surface  does  not  afiect  the  dip 
or  inclination  of  the  strata ;  so  that  when  they  are  cut  through 
by  a  valley,  they  are  found  at  the  same  level  in  the  side  of  the 
opposite  hill,  proving  that  the  scooping  of  the  valleys  was  of 
posterior  date.  However  we  must  here  make  an  exception  in 
favour  of  the  depression  of  the  strata  by  slips.  For  all  the  coal 
fields,  besides  the  dykes  of  the  trap  formation,  are  intersected 
by  dykes  or  fissures  of  unknown  depth.  These  dykes  are  gene- 
rally filled  with  clay  and  fragments  of  rocks  from  above;  but 
they  sometimes  contain  hard  and  soft  sandstone.  The  most 
remarkable  of  these  is  called  the  main,  great,  or  00  fathom  dyke. 
In  some  places  the  width  is  not  great,  but  in  others  is  22  jards. 
It  ruBB  from  the  coast  about  3^  miles  north  of  Tynemouth, 
where  it  contains  a  small  string  of  galena;  passes  at  about  2^ 
miles  north  of  Newcastle;  and  crosses  the  Tyne  near  Lemiog* 
ton.  The  slip  or  down  cast  of  the  strata  at  the  northern  side  is 
00  fathoms.  Two  others  branch  olTfrom  the  southern  side,  one 
of  which  is  70  yards  wide,  and  has  charred  the  contiguous 
coal,  the  only  instance  of  this  kind  except  in  whin  dykes.  The 
coal  strata  are  often  very  much  broken,  and  thrown  into  great 
confusion  by  these  dykes,  slips,  faults,  traps,  steps,  hitches,  or 
troubles,  (for  they  are  known  among  the  workmen  by  all  these 
names).  Yet  they  have  their  use,  and  in  fact  the  coal  field 
would  hardly  be  workable  without  them  : — fur,  as  they  are  filled 
with  clay,  they  form  an  impenetrable  barrier  to  water,  and  thus 
divide  the  field  into  basins,  each  of  which  may  be  drained  with- 
out being  incommoded  by  the  water  of  a  neighbouring  basin, 
for  which  reason  the  miner  is  very  careful  not  to  perforate 
them. 

There  are  about  25  beds  of  sandsUme  in  the  coal  measures. 
Most  of  them  are  thin;  but  one  crops  out  on  Gateshead  Fell 
6G  feet  in  thickness,  from  which  Great  Britain,  and  even 
some  parts  of  the  continent,  are  supplied  with  grindstones. 
The  sandstone,  is  usually  gritty,  micaceous,  or  tender — the 
last  is  used  for  filtering  stone;  but  it  often  affords  tolerably  good 
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freestone ;  some  Tarieties  of  a  large  schistose  stmctnre  are  used 
as  paring  flags^  others  more  finely  laminated  make  roofing 
slates.  It  is  locally  termed  plate,  post,  pennant,  and  when  rerj 
hard,  wkin. 

The  slate-clay  difiers  from  the  transition  day-slate,  being  less 
solid,  or  in  textare  shewing  no  approximation  to  crystallization. 
It  is  known  by  the  names  of  black,  blae,  or  grey  metal,  shale 
or  shiver,  clunch,  cleft,  bind;  and  when  very  hard,  irAtfi.  The 
beds  are,  in  number,  about  32,  they  are  generally  thinner  than 
the  alternating  sandstone,  and  indifferently  with  the  sandstone 
form  the  roof  or  floor  of  the  coal;  thoagh  a  hard  bitominons 
shale  used  in  making^re  bricks  often  forms  the  floor. 

The  accompanying  minerals  of  the  coal  strata,  are  clay-iron- 
stone, forming  thin  beds  or  nodules  in  the  strata  of  the  shale, 
which  nodules  often  contain  galena  and  martial  pyrites;  calca- 
reous spar  and  blende, — the  former  is  common,  the  latter  only 
occasionally  occurs.  The  iron-stone  is  both  in  strata  and  beds 
of  nodules,  provincially  termed  Mine  and  Pins ; — it  is  very 
abundant  in  the  coal  fields,  and  usually  affords  an  average  of 
30  per  cent,  of  iron.  As  we  suppose  the  earth's  surface,  in 
consequence  of  the  curse,  to  have  been  re-compounded  since  the 
creation,  the  occurrence  of  iron,  the  material  for  all  instruments 
of  manual  occupation,  in  immediate  contact  with  fuel  for  manu- 
facturing it,  is  too  remarkable  not  to  be  attributed  to  design : — 
may  we  not  say,  that  the  Creator,  when  he  condemned  man  to 
labour,  provided  him  with  materials  and  work  ;  and  that,  even 
in  the  day  of  wrath,  he  was  mindful  of  his  mercy  ? 

In  the  long  interval  between  the  southern  extremity  of  the 
Durham  coal-field,  and  the  northern  extremity  of  that  of  South 
Yorkshire,  where  the  magnesian  limestone  comes  in  contact 
with  the  millstone  grit,  shale  and  carboniferous  limestone,  are 
several  thin  strata  of  coal;  but  they  seem  referable  to  the  mill- 
stone grit,  and  leave  no  room  for  the  conjecture  that  the  coal 
field  might  be  overlaid  by  the  magnesian  limestone,  and  that 
these  are  its  outcrops,  although 

The  Great  Coal  Field  of  South  Yorkshire,  Nottingham  and 
Derbyshire  seems  to  emerge  from  beneath  the  magnesian  lime- 
stone, under  such  circumstances  as  might  warrant  us  to  con- 
clude, that  it  is  a  continuation  of  one  and  the  same  field,  only 
overlaid,  not  cut  ofi*,  by  the  magnesian  limestone.  Whether  it 
is  so  seems  to  be  a  geological  problem,  a  solution  of  which  is  a 
great  desideratum  both  Uk  a  scientific  and  statistic  point  of 
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riew.  The  greatest  length  of  this  coal  field  from  Leeds  to 
Nottingham  is  about  60  miles,  and  its  greatest  breadth  about  22 
miles ;  there  are  d()  beds  varying  in  thickness  from  6  inches  to 
11  feet,  supposed  to  form  a  total  thickness  of  26  yards ;  so  that 
the  importance  of  this  field  is  thought  to  surpass  that  of  the 
Newcastle  coal-field. 

There  are  20  beds  of  sandstone,  which  is  somewhat  moi*e 
gritty  than  that  of  Northumberland ;  and  some  of  the  shale 
called  chmch,  is  more  of  an  indurated  clay.  A  bed  of  iron- 
stone 8  or  10  inches  thick  abounds  in  muscle  shells,  and  is 
worked  as  an  ornamental  marble.  This  coal-field  is  traversed 
by  dykes ;  and  it  suddenly  terminates  near  Nottingham,  being 
cut  off  by  the  horizontal  beds  of  the  new- red-sandstone. 

Were  we  to  consider  the  coal  measures  as  much  posterior 
in  formation  to  the  Pennine  rocks,  and  deposited  in  the  manner 
of  some  of  our  peat  mosses,  with  the  assistance  of  alluvial  depo- 
sits like  those  of  the  Mississippi,  we  might  suppose  them  to  have 
formed  vast  lakes  or  estuaries  round  the  Pennine  chain.  Both 
the  fertility  of  most  parts  of  these  rocks,  and  the  position  of  the 
coal  measures  favour  such  an  hypothesis  (but  let  it  be  added 
that  this  position  is  equally  favourable  to  our  theory): — conse- 
quently pursuing  the  Pennine  chain  to  westward,  we  find  seve- 
ral detached  coal-fields. 

At  the  south-west  point  are  those  of  Cheadle  and  Newcastle^ 
ynder-Lme.  The  farmer  is  an  insulated  basin  of  the  lower 
strata  of  the  great  coal-fields. — the  southern  portion  being  pro 
bably  overlaid  by  the  new-red-sandstone.  The  latter  is  called 
the  pottery  coal-field,  and  consists  of  about  32  beds  of  from  3 
to  10  feet  thick.  The  Manchester  coalfield  is  of  considerable 
importance,  and  contains  about  50  seams  ;  some  parts  of  it  are 
very  much  disturbed  by  faults;  and  the  new-red-sandstone 
has  apparently  insinuated  itself  into  the  fissures;  but  there  is, 
as  yet,  no  scientific  account  of  this  coal-field.  Pursuing  the 
Pennine  chain  northward,  we  arrive  at  an  insulated  basin  be- 
tween Lancaster  and  Ingleton,  remarkable  for  being  separated 
from  the  transition  slate  by  only  the  mountain  limestone  of 
Ingleborough.  A  part  of  the  Pennine  chain  nearly  surrounds 
the  primary  and  transition  mountains  of  the  Cumbrian  lake  dis- 
trict ;  at  the  north-west  corner  of  which  is  the  Whitehaven  coal- 
field. This  field  ranges  along  the  coast,  chiefly  to  the  north  of 
Whitehaven,  about  40  miles,  forming  a  surface  of  about  100 
square  miles.    In  the  depth  of  about  166  fathoms  they  work  7 
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large  beds,  from  4  to  10  feet  thick,  and  notice  18  thin  ones. 
The  strata  dip  rapidly  beneath  the  sea  abont  ime  in  tern; 
and  in  one  place  they  have  been  worked  1000  yards  under  the 
sea.  The  faults  run  from  east  to  west,  with  120  feet  slip.  Near 
the  foot  of  Cross  Fell,  as  may  be  seen  by  the  cut,  are  thin, 
almost  vertical  beds  of  coal;  but  they  are  greatly  shattered  and 
deranged  by  the  great  subsidence  which  has  there  its  limits. 

Besides  the  great  Pennine  chain,  its  rocks  protrude  in  seve- 
ral places  through  the  new-red-sandstone;  and  also  skirt  a 
great  many  parts  of  the  transition  mountains;  and  they  are 
almost  invariably  accompanied  by  coal  fields*  Between  Ash- 
borne  and  Derby  are  indications  of  coal,  and  further  south,  on 
the  northern  skirts  of  the  transition  formations  of  Chamwood 
Forest,  is  Ashby-de-la-Zouch  coalfield.  It  extends  about  10 
miles  by  8.  The  beds  are  much  disturbed  by  faults,  and  one 
of  them  is  from  17  to  21  feet  thick. 

The  WantickMhire  iJoal  Field  is  about  16  miles  by  8;  the 
deepest  pit  117  yards,  and  at  a  junction  of  two  beds,  is  a  seam 
of  15  feet,  not  of  Dudley  or  South  Staffordshire  is  about  20 
miles  in  length  and  4  in  width : — ^having  an  area  of  60  square 
miles.  It  affords  many  seams  of  4, 6,  or  8  feet  in  thickness ;  at  the 
southern  point  is  the  thickest  coal  seam  hitherto  found — being 
30  feet.  There  are  11  beds.  The  lowest  is  at  about  313  yards, 
and  seems  to  rest  on  the  transition  limestone.    * 

The  Somertetshire  and  South  Oloucestenhire  coal-field  is  about 
25  miles  in  length  and  11  in  breadth, — and  is  cut  into  two 
nearly  equal  parts  by  the  river  Avon.  It  is  supposed  to  con- 
tain between  50  and  60  seams, — but  the  thickest  of  them  hardly 
exceed  A  yard.  The  strata  are  much  deranged,  being  some- 
times vertical  or  even  thrown  backward,  with  slips  of  more 
than  100  feet.  It  is  overlaid  by  the  magnesian  limestone,  new- 
red-sandstone,  and  the  lias. 

The  above  coal-field  may  be  considered  as  a  detached  cor- 
ner of  those  which  surround  the  Welch  transition  mountains, 
and  as  separated  by  the  subsidence  which  gave  birth  to  the 
Bristol  Channel.  By  far  the  most  important  of  them  is  that  of 
South  Wales.  It  eontains  12  beds  of  from  8  to  0  feet  thick, 
making  together  70|^  feet;  and  11  others  from  18  inches  to  S 
feet,  making  24|^  f^et ;  and  other  thinner  beds ;  with  an  area  of 
100  square  miles; — ^so  that  this  field  perhaps  contains  more 
workable  coal  than  either  that  of  Newcastle  or  South  Yorkshire. 
Its  lowest  beds  are,  in  some  places,  near  700  fathoms  below  the 
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distant  outcrops  of  some  of  the  upper  seams ;  but  as  the  field  is 
intersected  by  deep  yalleys,  the  miner,  in  many  cases,  only 
drives  a  level  flrom  the  hill  side,  into  the  beds  of  coal  and  clay* 
ironstone.  It  is  traversed  from  north  to  south  by  immense 
faults ;  and  slips  of  from  60  to  100  fathoms. 

The  Coal  Field  of  North  Wales  or  FlmtMre  extends  from 
Uanassa  to  near  Oswestry,  Shropshire,  more  than  30  miles. 
It  contains  beds  of  near  five  yards  in  thickness,  which  dip  one 
yard  in  four.    In  the  isle  of  Anglesea  is  also  a  coal  basin. 

In  the  vale  of  Shrewsbury  are  many  broken  patches  of  coal 
strata,  where  the  new-red-sandstone  comes  in  contact  with  the 
transition.  In  the  south  east  is  the  Wrekin  (serpentine  and  trap) 
chain,  and  on  the  eastern  side  is  Coal  Brook-dale  coalfield;  and 
a  few  miles  south,  those  of  Gee  HUU  and  BilHngsley,  Tittergtonef 
Abberk^  HUIb,  and  some  other  patches.  They  are  chiefly 
insulated  basins,  and  their  strata  dip  on  all  sides  towards  the 
centre.  Trap  greatly  abounds  in  their  neighbourhood.  The 
last  of  the  coal-fields  which  we  shall  mention,  as  skirting  the 
Welch  mountains,  is  that  of  the  Foreit  of  Dean.  Its  length 
is  about  10  miles  and  its  breadth  6.  It  contains  about  17  beds 
with  a  total  thickness  of  37  feet;— the  strata  all  dip  towards 
the  centre. 

The  principal  coal  district  of  Scotland  is  included  between 
the  transition  Cheviot  on  the  south,  and  the  primary  Highlands 
on  the  north ; — the  whole  of  this  space  is  occupied  by  the  old- 
red-sandstone,  the  Pennine  rocks,  coal  measures,  and  perhaps, 
though  it  is  not  yet  decided,  the  new-red- sandstone.  Geologists 
endeavour*  to  trace  these  coal  measures,  together  with  their 
bounding  primary  and  transition,  into  Ireland ; — ^which  island, 
with  the  exception  of  the  basaltic  district  of  the  north-east, 
seems  entirely  composed  of  these  formations,  and  nearly  in  the 
same  order: — the  central  area  consisting  chiefly  of  separate 
coal  formations.  They  also  attempt  to  trace  the  same  series 
from  Scotland  eastward,  through  Sweden  towards  Russia; — in 
which  tract  are  occasional  coal-fields.  On  the  boundaries  of 
France  and  the  Netherlands  are  very  extensive  coal-fields, 
reaching  from  Boulogne  to  Valenciennes,  thence  along  the 
Scheldt  and  beyond  Aix-la-Chapelle  and  perhaps  to  the  coal 
district  of  Grermany.  A  coal-field  in  the  forest  of  Ardennes  is 
bounded  by  transition  slate  and  graywacke, — accompanied  by 
the  Pennine  rocks.  Some  of  the  French  coal  measures  extend 
beneath  the  chalk  : — the  English  intervening  beds  being  occa- 
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sionally  wandng.  In  the  south  of  France  are  some  small  coil- 
fields :  coal  has  also  heen  found  in  Spain,  namely,  in  Catalonia, 
Aragon,  and  New  Castile.  In  Germany  are  many  coal-fields 
some  overlaid  hy  both  porphyry  and  syenite.  Coal  occurs 
plentifully  in  Bohemia  and  Upper  Silesia.  It  is  also  found  toUie 
north  of  Constantinople,  and  in  several  parts  of  Russia  and  Asia; 
extensive  mines  are  worked  in  China;  it  abounds  in  the 
northern  parts  of  Japan,  in  Van  Dieman's  Land,  in  the  plains 
of  the  Mississippi,  and  at  Philadelphia  and  in  other  places  of 
North  America,  as  in  those  parts  which  Captain  Franklin  visited, 
where  u  a  mountain  oh  fire.  In  the  norUiem  parts  of  Siberia 
is  a  coal  formation  that  has  been  burning  for  centuries. 

We  have  perhaps  devoted  more  than  a  due  share  of  our 
pages  to  the  coal-measures ; — but  when  we  consider  that  our 
preeminence  in  manufactures,  and  consequently  the  chief  of  our 
trade,  rest  principally  on  our  favourable  position  with  respect 
to  iron-ore,  coal  for  fuel,  and  lime  for  flux,  we  may  not  impro- 
perly say,  that  we  have  thus  dilated,  not  only  upon  a  great 
sourse  of  domestic  comfort,  but  also  upon  the  chief  source  of 
our  national  wealth  and  grandeur. 

11.   NEW-RBD-SANDSTONB. 

Or  Red  Marie,  Bed  Ground,  Red  Rock  or  SaUferau^  SamdsUme, 

and  its  subordinate,  Magnesian,  Newer  Magnenan, 

Conghmerate  orfrnt  Floetz  lAmestane. 

This  series  appears  to  be  composed  of  the  debris,  detritus, 
and  chemical  solutions  of  all  the  former  rocks,  floated  or 
impelled  to  a  distance  by  the  waters  of  the  ocean,  and  deposited 
in  horizontal  strata  around  their  bases;  so  that,  in  many 
places,  they  seem  like  small  islands  projecting  out  of  this  sea- 
like formation.  It  therefore,  differs  much,  both  as  to  composi- 
tion and  texture,  in  different  places;  and  comprehends  a  vast 
variety  of  ingredients. 

The^Magnenan  Limestone.  The  lower  beds,  called  the  mag- 
nesian limestone,  are  chiefly  lime,  sometimes  containing  breccias 
or  conglomerates  of  the  mountain  limestone ;  but  its  general 
mass  differs  widely  from  that  formation,  especially  by  its  con- 
taining a  large  portion  of  magnesia.  However,  both  the  transi- 
tion and  mountain  limestonci  occasionally  contain  suboitlinate 
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beds  of  magnesian  limestone ; — sach  beds  likewise  ocoar  among 
the  primaries,  and  are  called  doiamite. 

This  formation,  in  its  range  from  Sunderland  to  Notting- 
ham,  differs  much  in  different  places.  Some  of  its  beds  con* 
tain  no  less  than  46  per  cent  of  carbonate  of  magnesia,  while 
others  contain  only  about  20.  Towards  its  bottom  are  occa« 
aionallj  found  thin  beds  of  almost  pure  carbonate  of  lime, 
imbeded  in  blue  clay  and  abounding  in  anomia  and  other  shells. 
In  many  places  are  partings  of  clay  mixed  with  oxide  of  iron, 
and  sometimes  manganese.  It  occasionally  contains  sulphu- 
retted hydrogen,  in  botryoidal  masses  devoid  of  magnesia. 
These  are  often  in  balls  varying  in  size  from  a  pea  to  two  feet 
diameter,  radiated  from  the  centre,  of  a  brownish  colour,  and 
glassy  like  fracture.  They  sometimes  contain  calcareous  spar; 
which  often  abounds  in  the  fissures  of  this  formation.  Its 
conglomerate  beds  are  occasionally  disposed  throughout  the 
whole  formation,  but  they  generally  separate  it  from  the  over- 
lying sandstone. 

Its  prevailing  colour  is  buff,  but  it  has  various  shades  of 
yellow,  as  also  fawn  and  salmon  colour ;  sometimes,  especially 
near  the  partings,  it  is  of  a  brown  or  reddish  hue,  where  it  is 
often  dendritic ;  and  where  sand  enters  into  its  composition  it 
is  occasionally  perfectly  white.  Its  texture  is  generally  granu- 
lar with  a  sandy  looking  structure,  and  a  glimmering  lustre. 
In  several  places  it  exhibits  signs  of  an  igneous  formation,  or 
rather  perhaps  of  electro-chemical  disturbance,  as  if  the  shock 
had  partly  fused  it ; — consequently,  it  presents  such  an  appear- 
ance as  we  might  suppose  would  result  from  passing  an  electric 
shock  through  a  number  of  thin  cakes  of  wax.  It  is  therefore 
strangely  arched  and  contorted,  with  fissures,  cavities,  and  a 
semi-crystalline  texture,  when  it  is  so  hard  as  to  resist  the 
stroke  of  the  hammer :  nevertheless,  in  the  same  quarries  are 
beds  of  regular  stratification  with  every  variety  of  inclination, 
and  also  masses  of  rotten  stone.  However,  most  of  its  horizon- 
tal beds  have  an  earthy  appearance,  and  such  a  texture  as  we 
might  suppose  would  result  from  a  deposition  from  water  with 
mere  induration.  This  is  generally  the  buff  coloured,  and  it 
affords  a  good  building  stone  that  hardens  on  exposure  to  the 
air;  hut  in  some  places  are  beds  that  receive  a  tolerably  good 
polish.  Its  conglomerate  beds  are  very  cavernous ;  an  instance 
of  which  is  Wookey  Hole,  Somersetshire,  inferior  only  to  the 
caverns  of  Derbyshire. 
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The  highest  pomti  of  the  principal  range  are  generally  in 
round  topped  hills;  they  are  die  most  elevated  at  the  two 
extremities  but  do  not  much  exceed  000  feet  above  the  sea->leveL 
It  oTerlies  the  90  fathom  dyke,  which  intersects  the  Northnm* 
berland  coal  field;  hence  it  is  conclnded  to  be  posterior  in 
formation  to  that  dyke,  which  is,  itself,  posterior  to  the  coal. 
Its  beds  form  an  aggregate  thickness  of  about  800  feet,  and 
rest  upon  the  sandstone  or  shale  of  the  coal  measures.  Its 
general  dip  is  in  a  south  easteriy  direction;  but  is  not  mnch 
aboTC  40  ft^et  in  a  mile.  Small  veins  or  strings  of  galena  and 
also  of  Sulphate  of  Bary  tes  are  found  in  it  both  ii\  Duriiam  and 
Nottinghamshire;  and  in  the  conglomerate  beds  are  fragments 
of  ore  from  the  Pennine  rocks.  The  few  organic  remains  are 
almost  invisible,  being  chiefly  marine  shells  and  a  few  impres- 
sions of  fish; — but  they  somewhat  differ  firom  those  of  the 
older  fermatioBs. 

Much  of  the  Alpine  limestone  is  referred  by  geologiBts  to 
this  formation,  as  also  that  of  the  mercurial  mines  of  Idria. 
In  short  it  seems  to  be  of  much  more  importance  on  the  conti- 
nent than  in  England-*^xhibiting  mountains  plentifully  inter- 
spersed with  gypsum,  which  is  not  often  found  in  it  in  Britain. 
It  also  accnrs  among  the  Andes,  where,  as  well  as  among  the 
Alps,  it  is  metaUiferons. 

T%e  Ndw  Rmi  SandtUme.  This  formation  is  sometimes  a  red- 
dish elay,  which  frequently  contains  calcareous  matter  when  it 
becomes  marie ;  it  is  sometimes  a  sandstone,  which  occanionaHy 
assumes  a  skty  texture ;  and,  at  other  times,  it  consists  of  beds 
of  water  worn  pebbles,  or  agglutinated  fragments  of  all  the 
older  rooks.  The  red-marle  or  clay  beds  generally  occupy  the 
highest  strata,  the  sandstcme  the  middle,  and  the  conglomerate 
the  lowest : — and  where  ikewe  basset  out,  they  give  the  prevailing 
eharaoter  to  the  soil  on  the  surface. 

The  pmUhe9  of  gravelly  soO,  that  prevail  near  tibe  junction  of 
the  new-red-sandstone  formation  and  the  magnesian  limestone, 
are  the  basse!  edges  of  this  ctmgkmem^.  These  beds  often  ex- 
tend over  extensive  tracts,  as  at  Sherwood  forest,  where  they 
form  the  prevailing  stratum^  They  are  ollen  consoJidaisd  into 
a  puddintgHitone,  as  in  the  Gastle-hiU  at  Nottingham:  or  a 
breeeias  as  in  the  neighbeurheod  of  Extter.  They  are  in  places 
not  less  than  800  or  dOO  yutis  tiilck. 

The  9midi$m»  consists  of  fine  grains  of  quarts,  and  a  few 
specks  of  mica  cemented  by  clay  and  oxide  of  mm.    It  i 
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tinefl  oonUins  small,  wUte,  opaque  crystals  of  foldspary  and 
at  one  place  near  Exeter,  it  graduates  into  amygdaloidal  trap. 
It  occamonally  affords  a  tolerably  good  white  freestone,  used 
for  buildiDg;  but  tbe  red  kind,  though  it  does  not  resist  the 
weather,  is  much  used.  Where  it  crops  out,  it  forms  large 
tracts  of  variously  coloured  sand. 

The  marie  and  sandstone  vary  in  colour  from  chocolate  to 
red  and  salmon,  frequently  exhibiting  streaks  of  light  blue, 
verdigris,  buff  or  cream  colour.  The  red  marie  is  remarkable 
for  its  fissures,  which  are  transverse  to  the  strata,  and  separate 
the  rock  into  rhombic  forms.  In  some  places  the  rock  is  split 
into  basaltiform  balls. 

Oypmm,  sulphate  of  lime,  if  crystalline  selenite,  and  if  granular 
or  fibrous  alabaster,  chiefly  occurs  in  the  red  marie ;  but  at 
Newbiggen,  Cumberland,  it  lies  between  two  strata  of  sand* 
stone,  and  in  some  places  it  rests  on  decayed  wood  like  umber. 
It  13  found  in  almost  all  districts  of  this  formation,  but  seems  to 
occur  in  particular  patches  or  nodules,  where  it  occasions  a  rise 
or  iscdated  hill  by  its  additional  thickness ;  but  it  is  frequently 
met  with  in  thin  beds,  sometimes  finely  striated  transversely  to 
the  strata.  Tbe  pare  white  is  used  for  plaster  of  Paris,  the 
alabaster  for  ornaments,  flooring,  or  common  walling  stone. 

But  the  most  important  mineral  of  this  formation  is  the  Rock 
Salt,  which  is  found  chiefly  in  the  red  marie.  It  occurs  princi- 
pally in  Cheshire  where  are  many  salt  springs  yielding  25  per 
cent  At  Northwich  are  two  beds,  together  not  less  than  60 
feet  thick,  forming  an  area  of  more  than  a  square  mile.  There 
are  also  two  others  at  no  great  distance  :  the  upper  one  75  feet 
thick ;  and  the  lower  has  been  sunk  into  lOB  feet  without  per- 
forating it.  But  the  salt  mines  in  a  mountain  near  Cracow  in 
Poland  are  the  most  extensive  in  the  world.  Near  1000 
workmen  are  continually  employed  in  them,  and  they  have  been 
worked  near  500  years.  The  excavations  are  made  with  great 
regularity.  Pillars  of  pure  salt  are  left  to  support  the  roof;  and 
these,  like  so  many  columns  of  alabaster  or  diamond,  reflect 
and  refract  the  light,  and  give  indescribable  beauty  to  the  whole. 
The  same  may  be  observed  of  the  mines  in  Cheshire. 

In  the  year  1820  a  rock  of  salt  of  30  square  leagues  and  of  an 
immense  thickness  was  discovered  at  Vich,  dqiartment  of 
Meorthe,  France.  There  are  four  sorts^  white,  half-white,  grey 
and  red: — it  does  not  deliquesce.  At  Cordova  in  Spain  is  a 
salt  mountain  of  4  or  500  feet  elevation,  and  d  miles  in  circum<^ 
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ference.  Iq  above  200  places  in  Transylvania  and  Moldavia 
are  salt  mines.  In  Caramania,  and  at  Ormuz  in  Persia,  the 
atmosphere  is  so  dry,  that  it  is  used  as  building  stone.  In  Peru 
a  rock  of  salt,  of  a  purple  colour,  is  found  900  feet  above  the 
sea-level.  But  in  Louisiana  near  the  Missouri,  is  the  most  ex- 
tensive mountain  of  salt  hitherto  discovered.  It  is  80  miles 
long,  45  broad,  and  of  an  immense  height 

The  New-red-sandstone  seldom  rises  more  than  300  feet 
above  the  sea-level,  except  in  one  instance  where  its  height  is 
803  feet.  Its  thickness  is  considerable.  Between  Darlington 
and  Yarm,  near  its  junction  with  the  magnesian  limestone,  it 
has  been  bored  into  in  search  of  coal  708  feet  without  per- 
forating  it.  Near  Evesham,  Worcestershire,  it  was  sunk 
throughOOOfeet  in  a  like  fruitless  search.  But  in  Glocester- 
shire,  where  it  is  overlaid  by  the  Lias,  coal  has  been  found 
beneath  it,  and  its  thickness  was  only  153  feet  However  its 
thickness  near  the  river  Tees  cannot  be  taken  at  less  tban  700 
or  800  feet ;  to  which  perhaps  we  may  add  300  more  for  the 
magnesian  limestone  ;  and  if  the  coal  measures  extend  thus  far, 
which  is  very  doubtful,  the  seams  will  not  be  perhaps  at  less 
than  from  200  to  400  feet  below  that :  so  that  coal  cannot  be 
at  a  less  depth  from  the  surface  than  from  1000  to  1600  feet 

Its  mineral  contents  are  a  few  fragments  of  ores  from  the 
debris  of  the  older  rocks;  but  it  abounds  in  mineral  waters. 
As  Hartlepool,  and  Middleton,  Durham,  Croft  and  the  water 
of  a  pump  two  miles  westward  of  it.  Knaresborough  and  Ripon, 
Yorkshire.  Gainsboroagh,  Lincoln,  Moreton,  Shropt,  Orston 
and  Thoroton,  Notts.  Lemington  iuid  Newnham  Regis,  Ifor* 
wick,    Tewkesbury,  Glocester.,  and  some  others. 

As  the  New-red-sandstone  was  the  winding  up  of  the  great 
catastrophes,  which  principally  remodelled  the  earth's  surface ; 
so  it  is  the  most  extensive  of  all  the  formations.  It  abounds  in 
central  £urope,  skirting  both  sides  of  the  Carpathian  chain; 
and  is  supposed  to  form  the  sandy  deserts  of  Asia  and  Africa, 
and  a  great  portion  of  the  American  plains; — however  the 
proof  of  its  identification  seems  to  rest  principally  on  the  pre- 
sence of  rock  salt 

The  formation  of  rock-salt,  and  its  seeming  peculiarity  to  this 
sandstone,  is  one  of  the  most  difficult  problems  in  geology. 
Two  solutions  of  it  present  themselves. — One,  that  it  was  ejected 
from  the  earth  nearly  in  its  present  state.  The  objection  to 
this  supposition,  is,  its  not  being  associated  with  rocks  older 
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than  the  new-red-sandstone.  But,  if  the  sea  washed  over  the 
older  formations  it  might  dissolve  and  remove  the  salt ;  while 
those  few  masses  which  now  remain  in  the  new-red-sandstone 
might  escape  hj  -their  being  formed  in  lakes,  or  at  points  from 
which  the  sea  subsided  in  each  direction.  The  o^Aer  solution, 
is,  that  rock-salt  was  disposed  in  its  present  state  by  the  evapora- 
tion of  the  sea  water.  Suppose  a  volcanic  heat  to  be  emitted 
from  the  bowels  of  the  earth,  through  some  parts  of  the  ocean 
not  much  agitated  by  the  tide,  and  this  volcanic  process  to  con- 
tinue through  the  course  of  a  few  centuries,  without  any  ejec- 
tion of  earthy  matter.  Such  a  heat  would  decompose  the  water 
of  the  ocean,  and  send  it  off  in  steam ; — but  in  such  a  process 
the  salt  would  be  left  behind.  If  we  suppose  such  a  process 
while  the  new-red-sandstone  formed  the  bottom  of  the  ocean, 
we  may  perhaps  have  some  idea  how  the  rock-salt  was  deposited* 

12.   THE  OOLITIC  SYSTEM. 

We  are  now  entered  upon  a  new  order  of  things ;  and  in- 
stead of  contemplating  the  result  of  dreadful  concussions  of  the 
earth's  subsiding  surface,  and  the  emission  of  such  quantities  of 
caloric  as  fused  the  solid  materials;  we  shall  henceforth  be 
occupied  with  what  we  may  suppose  would  be  floated  to  a  dis- 
tance by  the  receding  ocean,  and  deposited  on  shores  far  from 
the  scene  of  volcanic  action.  At  this  period,  therefore,  we  are 
to  suppose  the  rocks  we  have  been  describing  with  others  of 
the  same  kind,  as  constituting  the  whole  of  the  dry  land ; — 
with  the  ocean  sweeping  over  all  or  chief  part  of  the  now 
external  surface  of  the  new-red-sandstone.  Supposing  the  dry 
land  at  that  time  to  have  borne  the  same  proportion  to  the  sur- 
face of  our  planet,  that  it  does  at  present ;  as  portions  of  the 
primary  and  transition  rocks  subsided  below  the  level  of  the 
sea,  the  volcanic  matter  emitted,  and  the  diluvium  swept  off 
the  now  emerging  formations,  would  form  a  deep  deposition  at 
the  bottom  of  the  ocean.  According  to  this  hypothesis,  a  part 
of  the  oolite  system  would  be  thus  deposited,  while  the  magne- 
sian  limestone  formed  the  shores  of  the  ocean. 

Now  as  volcanoes  have  their  periodical  seasons  of  activity, 
we  are  not  to  suppose  that  these  subsidences  occurred  either 
simultaneously,  at  regular  intervals,  or  with  uniformity  of 
extent.  The  new  accessions  of  matter,  therefore,  to  the  bed  of 
the  ocean,  would  take  place  after  irregular  intervals,  and,  as  to 
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quantity^  with  eyery  Tftriable  proportion.  We  shall  consequently 
haye  strata  of  all  degrees  of  thichness,  with  alternations  of  every 
variety  of  materials.  And  as  these  new  accessions  wonld  over- 
whelm  the  inhabitants  of  the  deep,  we  shall  therefore  lurre 
intervening  strata  almost  entirely  composed  of  marine  organic 
remains,  others  with  only  few,  and  others  destitute.  And  as  a 
subsidence  would  extend  occasionally  to  the  shores  of  Uie 
ocean,  and  thus  commence  a  new  formation,  while  another  sub- 
sidence took  place  at  a  short  distance  from  the  former,  and 
extended  across  both  the  recently  commenced  formation,  and 
the  one  on  which  it  was  deposited,  this  would  give  rise  to 
ianother  new  formation  which  wonld  overlie  both  the  recently 
commenced  one  and  the  older ;  the  oldest  of  the  three  would 
therefore  come  in  contact  with  the  newest ; — or,  the  middle  one 
would  thin  out  and  be  wanting.  In  this  manner  are  rocks  of 
the  latest  formation  brought  in  contact  with  the  oldest  rocks. 
Instances  of  this  kind  are  not  wanting  through  all  the  forma- 
tions. The  old-red-sandstone,  in  the  Western  Isles,  comes  in 
contact  with  gneis,  or  granite ;  the  inferior  oolite  in  Somerset- 
shire with  the  old-red-sandstone ;  and,  on  the  continent,  the 
chalk,  with  some  of  the  coal  measures ;  with  numerous  odier 
instances. 

With  the  exception  of  the  Cleveland  Dyke,  and  the  Basaltic 
range  of  the  Giant's  Causeway,  no  trap  formations,  at  least  in 
the  British  Isles,  are  found  among  the  rocks  we  have  now  to 
treat  of.  Neither  are  there  any  metallic  veins  in  them: — but 
as  they  all  contain  breccias  or  conglomerate  beds  composed  of 
fragments  of  the  older  rocks,  generally  rounded  by  attrition 
into  pebbles,  so  they  frequently  contain  specimens  of  ores : — 
such  as  galena,  blende,  sulphate  of  barytes,  and  sulphate  of 
strontian,  and  occasionally  other  specimens.  Martial  pyrites 
are  very  common,  and  in  nearly  all  the  oolitic  system,  strata  of 
clay-iron-stone  are  found ;  and  particles  of  iron  oxide  are  dis* 
persed  throughout  nearly  all  the  strata.  When  it  is  in  the 
state  of  red  or  peroxide,  it  gives  a  dirty  brown  colour  to  the 
stone ;  but  it  is  as  often  in  the  suboxide,  when  the  stone  has  a 
greenish  cast 

Widi  the  lias  a  new  order  of  organic  remains  commences, 
and  continues,  generally,  throughout  the  oolitic  system,  and 
ends  with  the  chalk.  They  consist  of  **  corals,  encrinites,  edrf- 
nites,  testacea,  Crustacea,  vertebral  fishes,  and  marine  ovipa- 
rous quadrupeds,  jet  widely  distinguished  from  the  famffies 
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contained  in  the  lower  beds  of  the  transition  and  carboniferous 
class,  and  partially  distingnished  among  themselves  according 
to  the  bed  which  they  occupy.  But  the  various  species  may  be 
found  with  nearly  as  much  readiness  and  certainty  in  the  natural 
strata,  as  in  the  drawers  of  a  well  arranged  cabinet." 

The  oolitic  system  divides  itself  into  three  distinct  ranges  of 
hills  of  considerable  elevation,  though  much  inferior  in  this 
respect  to  those  of  the  older  formations.  Each  range  has  an 
aluminous  series  for  its  base,  which  seems,  while  it  formed  the 
bottom  of  the  ocean,  not  to  have  indurated  like  the  sandy  and 
calcareous  series.  Consequently,  when  the  ocean  was  drained 
off  by  a  distant  subsidence,  a  great  deal  of  this  aluminous  for- 
mation was  swept  along  with  it,  and  thus  left  the  cemented 
calcareous  sandstone  a  range  of  rocks,  with  a  ragged  precipitous 
edge  or  escarpment.  In  this  manner  was  the  Lias  probably 
scooped  out  and  swept  off  with  some  of  the  red-marle,  so  that 
the  calcareous  sands  of  the  inferior  oolite  were  left  at  a  con- 
siderable elevation,  above  the  adjoining  plain ;  which,  other- 
wise, we  suppose  might  have  been  nearly  level. 

2%6  Lower  Oolitic  Series,  comprising  the  Lias,  the  Inferior  Oolite, 

the  Great  Oolite,  Bradford  Clay,  Forest  Marble, 

Stonejield  Slate,  and  Combrash, 

Lias, — ^The  principal  component  ingredients  of  this  formation 
are  alumina,  lime,  and  iron.  It  consists  of  three  series  of  beds. 
The  lowermost,  resting  on  the  red-marle,  contains  several  strata 
of  black  and  blue  marie,  with  intervening  strata  of  clay-stone, 
forming  sometimes  concretional  and  rubbly  masses,  and  some- 
times merely  very  thin  layers  of  clay.  The  middle  series, 
called  the  true  Lias  beds,  contains  a  number  of  thin  limestone 
strata,  separated  by  narrow  argillaceous  partings,  so  that  the 
quarries  at  a  distance  present  a  striped  and  ribband  like  appear- 
ance ;  in  the  lowermost  series  these  partings  almost  disappear, 
llie  uppermost  series,  which  constitutes  about  two-thirds  of 
the  whole  formation,  consists  chiefly  of  beds  of  deep  blue  marie, 
containing  only  a  few  irregular  and  rubbly  limestone  beds. 
The  whole  formation  is  about  4  or  500  feet  thick. 

The  most  perfect  limestone  contains  about  90  per  cent,  of 
carbonate  of  lime,  the  rest  is  alumina  and  oxide  of  iron,  with 
occasional  traces  of  silica,  though  this  earth  is  very  rare  in  the 
Lias.    Its  colour  in  different  beds  varies  from  light  slate  blue 
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or  smoke  grey,  to  white; — its  aspect  is  doll  and  earthy,  and  its 
fracture  conchoidal.  The  bloe,  which  contains  the  most  iron, 
makes  a  strong  cement  that  sets  under  water;  the  white  takes  a 
high  polish  and  might  be  used  for  lithography.  The  clay-stone 
is  grey,  brown,  or  black;  is  sometimes  bituminous,  and  separ 
rates  into  lamioaB.  Some  of  the  beds  of  Lias  are  used  as  build- 
ing stones,  slabs ;  and  in  some  places,  as  in  Warwickshire,  it 
is  worked  into  chimney  pieces  as  marble.  The  Cottom-stone  is 
dendritical.  The  iron  and  clay  stones  are  used  for  making 
Parker's  cement  They  seem  to  have  had  a  cornu  ammonia,  or 
some  other  small  organic  substance,  as  a  nucleus  around  whidk 
they  formed,  and  are  not  unfrequently  coated  with  pyrites, 
blende  or  galena.  Near  Whitby  are  masses  of  iron-stone  that 
yield  from  30  to  60  per  cent,  of  oxide  of  iron;  the  rest  is,  phoa** 
phoric  acid,  lime,  alumina  and  silex.  It  is  smelted  at  New- 
castle. 

Martial  Pyrites  are  so  plentiful  where  this  formation  ia 
exposed  along  the  Yorkshire  coast,  that  it  is  supposed  the  sul- 
phur, when  in  contact  with  moisture,  has  quitted  the  iron  and 
formed  a  chemical  combination  with  the  alumina,  whence  the 
aluminous  schist,  or  sulphate  of  alumina  so  extensiyely  woi^ed 
for  alum.  Where  these  pyrites  come  in  contact  with  moisture, 
spontaneous  combustion  etisues:  as  in  the  cliffs  near  Char- 
mouth;  and  in  some  masses,  fallen  from  the  precipice  near 
Whitby,  washed  by  the  tide,  and  which  continued  in  a  atate  of 
oombastion  two  or  three  years. 

Among  the  most  noted  organic  remains  in  the  Lias  {are  the 
oomua  ammonis,  ammonites,  or  Whitby  snakes.  They  are  the 
silicified  shells  of  a  certain  fish  nearly  allied  to  the  nautilus. 
Of  this  remarkable  fossil  there  are  enumerated  about  200  spe- 
cies, some  of  which  are  three  feet  in  diameter ;  yet  there  ia 
but  one  species  now  existing,  of  not  more  than  about  half  an 
inch  in  diameter.  We  now  meet  with  remains  of  animals  of  a 
higher  order.  The  first  are  two  extinct  genera  of  a  kind  of 
lizard,  or  crocodile,  the  Icthyosaurus  and  Plesiosaums,  of  a 
^ise  approaching  the  whale  different  from  any  thing  now  known 
to  exist,  and  which  seem  to  have  been  entirely  confined  to  the 
water.  The  vegetable  remains  consist  of  jet,  silicified  wood, 
gigantic  reeds,  ferns  and  ff ags. 

..  The  Lias  forms  the  lowenand  priaoipal  part  of  the  clifis  be- 
tween the  Tees  mouth  and  Whitby.  It  hence  stretches  in  s 
Tory  regular  course  to  a  few  miles  south  of  Gloucester,  with  sn 
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arerage  breadth  of  <S  milM;  it  afterwards  has  an  irregdar 
feather-like  coarse,  reaching  with  a  few  slight  intermptions  to 
Lyme  on  the  boandaries  of  Devonshire  and  DorsetshirVir 
Thence  across  the  British  Channel  to  France.  It  is  alsofoimd 
at  the  south  east  point  of  Wales.  The  most  elevated  parti 
seem  never  to  exceed  500  feet  above  the  sea-levek  Indeed  it  ii 
more  remarkable  for  formiag  broad  and  level  plains  at  the  foot 
of  the  oolitic  chain,  a  little  elevated  above  the  red  marie  tracts* 
Bat  these  plains  are  freqaently  diversified  with  low  ridges,  md 
slight  escarpments,  as  in  the  Wold  Hills  of  Nottinghamshire 
and  Leicestershire. 

The  following  mineral  waters  seem  either  to  rise  oat  of  the 
Lias  or  to  be  connected  with  it : — Ilmington,  Cheltenham,  Balh^ 
Glastonbary,  and  Alford,  near  Castle-Cary. 

The  Inferior  Oolite. — ^This  series,  in  the  nelghboorhood  of 
Bath,  is  separated  from  the  Lias  by  beds  of  corals  and  sheila  ia 
the  argillaceous  formation  that  covers  the  Lias.     It  consists  of 
ttree  formations.    The  ioweii  a  calcareo-silicious  rock,  upwards 
of  60  feet  in  thickness,  and  used  for  mending  the  roads.    In 
some  places  it  is  gritty  and  micaceous,  and  coloured  with  the 
oxides  of  iron.    The  thickness  of  the  middie  bed,  or  inferior 
oolite  proper,  is  about  90  feet     It  is  a  kind  of  freestone  (calca^ 
reous  sandstone).     The  upper  part  is  hard  and  used  for  the 
roads;  the  lower  is  squared  for  building.     It  abounds  in  globn* 
lar  particles  of  oxide  of  iron,   which  cause  the  beds  externally 
to  have  a  brown  cast :— but  internally  they  have  a  blue  or  grey 
tinge.    The  uppermoei  series  is  principally  a  bed  of  an  inferior 
kind  of  fuller's  earth  100  feet  in  thickness,  with  a  thin  rock  in  the 
middle  of  tolerably  good  road-stone.     It  is  succeeded  by  8  feet 
of  good  fuller's  earth ;  and  then  by  12  or  16  feet  of  blue  clay ) 
uid  this  again  by  the  same  tliickness  of  yellow  clay.  ludiflfbreat 
parts  t>f  the  island  these  beds  seem  to  graduate  into  each  other. 
The  Great  OoHte  or  Eoe-itone.    This  both  in  thickness  and 
utility,  is  a  very  important  formation.     It  consists  of  a  strati* 
fied  calcareous  mass,  varying  in  thickness  from  130  to  200  feet 
Softer  and  harder  strata  alternate; — the  former  having  princi* 
pally    the  oviform  or  roe-like  concretions  whence  the  system 
derives  its  name; — it  is  this  also  that  renders  the  oolite  so  valu- 
able as  a  freestone.    That  of  Kettering,  Northamptonshire,  is 
instanced  as  a  fine  specimen  of  the  oolitic  structure ;  and  that  of 
B)aCh  is  noted  for  its  fine  grain.    The  latter  was  employed  for 
the  late  repairs  of  Henry  Y II  Chapel,  Westminster.    St  Paul's 
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was  principally  built  from  quarries  about  a  mile  north  of  Burford, 
Oxfordshire.  Its  colour  is  generally  white  with  a  yellowish 
cast  Some  of  the  beds  are  grey,  some  almost  blue  in  the  mid- 
dle,  and  sometimes,  near  the  fuller's  earth,  there  are  interposed 
beds  of  a  brown  ferruginous  cast.  The  freestone  is  in  thick 
bedded  masses,  which  usually  thin  out  at  a  distance.  Many  of 
the  other  beds  exhibit  a  laminated  cleavage,  not  parallel  to  the 
line  of  stratification.  Fragments  of  comminuted  shells  may  be 
observed  mingled  with  the  ova ;  and  in  the  Cotteswold  hills, 
traces  of  magnesia  are  found  in  the  lower  beds  ;  but  the  almost 
sole  ingredient  of  the  oolite  is  carbonate  of  lime. 

The  Bradford  Clay  consists  of  common  blue  marly  clay,  of 
the  thickness  of  40  or  60  feet,  sometimes  separating  the  great 
oolite  from  the  forest  marble : — where  it  is  absent,  these  two 
formations  imperceptibly  graduate  into  each  other.  It  abounds 
with  organic  remains  differing  from  any  we  have  yet  met  with. 

The  Forest  Marble  is  a  slaty  kind  of  limestone,  lying  between 
beds  of  calcareo-silicious  sandstone,  and  gritstone :  the  whole 
formation  is  generally  fissile,  and  divided  by  clayey  partings, 
and  contains  about  one-third  lime.  The  marble  seems  to  con- 
sist of  a  congeries  of  dark  coloured  shells  interspersed  with 
whitish  oolitic  particles.  Its  beds  are  generally  thin  and  slaty; 
the  thickest  being  only  two  or  three  feet.  It  affords  a  coarse 
roofing  slate,  and  the  more  solid  beds,  receiving  a  tolerably 
good  polish,  and  being  variegated  with  its  imbedded  shelb,  are 
worked  as  a  coarse  marble.  Its  colour  is  grey  or  bluish  ;— 
though  some  of  its  joints  have  a  reddish  tinge  occasioned  by  the 
presence  of  decomposed  pyrltical  wood. 

J%e  Sionefield  Slate  consists  of  two  beds  of  greyish  oolitic 
limestone  called  pendle,  each  about  two  feet  thick,  separated  by 
about  two  feet  of  the  above  limy  sandstone,  which  here  contains 
circular  concretions  of  slate,  called  Whimstones  or  Patlids,  that 
separate  into  plates.  In  some  places,  these  formations  and  the 
great  oolite  seem  to  pass  into  each  other ;  and  they  are  overlaid 
by  a  bed  of  from  8  to  14  feet  thick  of  blue  clay,  which  in  the 
upper  part  is  white. 

The  Combrash  is  a  loose  rubbly  limestone  of  a  bluish  colour; 
it  is  constantly  attended  on  its  surface  by  a  red  soil.  It  is  only 
used  for  lime  and  the  roads  except  at  Malmsbury,  where  it  is 
thick  and  soUd,  and  quarried  for  building. 

Among  all  the  oolitic  system  are  occasionally  interspersed 
quartz  crystals,  and  stalactic  calcareous  spar.    The  beds  above 


Digitized  by  VjOOQIC 


OEOLOGT.  461 

the  great  oolite  present  fine  specimens  of  the  latter,  which  are  in 
bright,  transparent  yellow  and  sometimes  beautifully  radiated 
and  plumose  crystallizations.  In  these  beds  also,  but  particularly 
in  the  Stonefield  slate,  we  have  the  most  singular  assemblage 
of  oi^anic  remains  that  is  perhaps  to  be  met  with  in  this  branch 
of  natural  history ; — comprising,  land  animals,  birds,  insects, 
amphibia,  fishes,  shells,  and  vegetables.  They  are  imbedded  in 
the  slate,  and  not  in  its  fissures.  The  animal  bones  are  sup- 
posed to  belong  to  a  species  of  the  opossum  tribe.  A  crocodile 
of  a  species  differing  from  all  others  known  of,  was  found  in  the 
combrash,  and  is  now  preserved  in  the  University  of  Oxford. 
An  immense  animal,  similar  to  the  monitor  occnrs  at  Stonefield; 
some  specimens  indicate  a  length  of  40  feet  and  a  height  of  12. 
In  the  same  calcareous  slate  are  also  found  two  or  tbree  species 
of  tortoise;  teeth,  palates,  and  vertebras  of  several  kinds  of 
fish ;  the  legs  and  thigh  bones  apparently  of  birds ;  two  or  three 
varieties  of  the  crab  and  lobster ;  and  a  few  difibrent  species  of 
insects.  All  these,  together  with  abundance  of  shells,  (that 
sometimes  seem  to  be  the  chief  ingredient  of  the  rock),  enter 
into  the  component  material  of  all  these  formations.  In  all  the 
beds,  particularly  the  forest  marble,  fossil  wood  may  be  traced. 
At  Stonefield  are  many  beautiful  vegetable  impressions,  nearly 
resembling  those  of  the  coal  formation,  chiefly  ferns,  flags,  and 
mosses. 

The  lower  series  of  the  oolites  forms  the  mass  of  a  well  de- 
fined range  of  hills,  traversing  the  island  diagonally  from  the 
Yorkshire  coast  to  that  of  Dorsetshire.  The  eastern  side  being 
skirted  by  the  Oxford  clay,  and  the  lower  part  of  that  declivity 
principally  formed  of  the  cornbrasb,  which  is  succeeded  in  the 
ascent  by  the  forest  marble,  and  calcareous  slate,  from  beneath 
which  emerges  the  great  oolite  that  forms  the  summit.  The 
western  declivity  is  composed  of  the  inferior  oolite,  based  by 
the  lias.  The  most  noted  elevations  are  the  Cotteswold  in 
Gloucestershire,  and  the  Hamilton  hills  in  Yorkshire.  Meon 
hill,  an  outlier  of  the  Cotteswold,  commands  one  of  the  most 
extensive  prospects  in  the  island.  The  whole  of  the  western 
range,  especially  towards  the  Severn  and  Bristol  channel,  pre- 
sents a  number  of  conical  knolls,  that  seem  fragments  of  the 
inferior  oolite,  the  rest  having  been  washed  away  with  the  lias. 
Roseberry  Topping,  Yorkshire,  capped  with  the  inferior  oolite, 
is  one,  and  the  most  elevated,  being  1022  feet  above  the  sea-level. 
But    around  Bath,   the  inferior    oolite  generally   forms   low 
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terraces,  capped  with  the  great  oolite.  Dandry  Hill,  tliree  miles 
south  of  Bristol,  rises  300  feet  ahove  the  Lias  that  supports  it, 
and  700  above  the  sea.  The  oolitic  range  is  the  most  elevated 
in  Gloucestei  shire.  The  loftiest  point  is  Cle?e  Hill,  near 
Cheltenham,  1134  feet.  In  some  parts  of  Somersetshire,  coal 
has  been  foond  at  only  about  200  fathoms  beneath  the  surface 
of  the  inferior  oolite;  but  at  any  other  place  it  cannot  be 
at  less  than  3  or  4  times  that  depth. 

The  whole  range  is  much  broken  through  by  valleys,  in  which 
are  the  rivers  that  have  their  rise  among  them,  and  take  their 
superfluous  waters  to  the  ocean.  The  Bristol  channel  must 
have  subsided  after  the  formation  of  this  series;  consequently, 
in  the  neighbourhood  of  the  Estuary  of  the  Severn,  the  strata 
display  the  utmost  confusion,  and  are  at  all  inclinations.  The 
subsidence  which  gave  birth  to  the  weald  clay,  that  introdacea 
the  chalk  series,  must  have  extended  to  the  lower  system  of 
oolites,  depressing  that  part  which  now  forms  the  channel  of 
the  Humber,  skirting  northwards  towards  Kirby  Mooraide, 
and  then  easterly  towards  Filey  Bay.  At  this  time  was  most 
probably  formed  the  caves  and  fissures  lately  discovered  in  this 
part  of  the  oolitic  range  at  Kirkdale,  containing  a  number  of 
organic  remains,  but  which  are  totally  difl^erent  from  those 
that  we  have  described  as  imbedded  in  the  rock. 

I%e  Middle  Oolitic  Series,  consisting  of  the  Oxford  Clay,  tmd 
Coral  Rag. 

Oxford  or  Clunch  Clag,  consists  of  immensely  thick  beds  of 
tenacious,  adhesive,  dark  blue  clay,  mixed  with  lime.  It  Boae> 
times  contains  bituminous  matter,  affording  an  inflammable 
shale,  that  has  often  caused  useless  attempts  for  coal.  Argillo- 
calcareous  geodes  and  septaria,  frequently  called  turtle-Uames, 
occur  in  this  formation.  Also  towards  its  lower  part  irregular 
beds  of  limestone,  called  the  KelUmay  rock,  are  found,  appa- 
rently consisting  almost  entirely  of  organic  remains,  io  whieh 
the  ammonites  predominate ;  but,  on  the  whole,  the  fosail  ape- 
cies  are  peculiar.  This  formation  is  supposed  to  constitute  tfae 
substratum  of  the  fens  of  Lincolnshire,  and  also  of  the  west^v 
border  of  those  of  Cambridge  and  Huntiogdonsliire : — heooa 
it  has  sometimes  been  called  the  fen-clay.  It  constitutes  the 
▼ale  of  the  Ouse  in  Bedfordshire,  as  also  that  of  tbe  Isis  for 
aeveral  miles  south-west  of  Oxford.    But  though  it  generttlly 
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forms  the  lowest  surface  of  the  island,  yet  it  sometimes  swells 
into  gentle  eminences,  as  near  Malmsbury,  Trowbridge,  and 
north  west  of  the  vale  ofBlackdown.  Its  average  thickness  is 
from  500  to  700  feet  The  following  pnrgative  springs  are  in 
it: — Stanfield,  Lincoln.  KingsclifT,  Northampton,  Cumner, 
Berks.  Melksham  and  Holt  and  Seend,  which  is  iron  and 
carbonic  acid,  Wilts.^  and  Somersham,  (green  vitriol)  Hunts. 

The  Coral  Rag  constitutes  a  well  marked  range  of  hills  be- 
tween the  Oxford  and  Rimmeridge  clays,  and  consists  of  three 
distinct  beds,  each  containing  several  strata :  the  whole  being 
about  the  thickness  of  one  or  two  hundred  feet ;  and  the  average 
height  from  four  to  six  or  seven  hundred  feet  above  the  sea- 
level.  The  lower  bed  consists  of  calcareous  grit,  being  a  yellow, 
quartzose  sand,  containing  about  a  third  of  calcareous  matter; 
and  it  is  traversed  by  strata  of  a  gritstone  of  nearly  the  same 
composition.  This  grit  contains  more  organic  remains  than 
any  other  strata  of  the  formation.  The  middle  bed  is  peculiarly 
stiled  the  coral  rag.  It  consists  of  a  loose  rubbly,  but  some- 
times marly  limestone,  chiefly  composed  of  branching  madri- 
pores — the  madri pores  nearly  disappear  with  this  formation. 
There  are,  besides,  two  or  three  irregular  strata  of  a  grey 
colour.  It  is  only  used  for  the  roads.  The  uppermost  bed  has 
somewhat  of  the  oolitic  character,  is  a  calcareous  freestone  of  a 
close  texture  full  of  very  small  fragments  of  shells,  and  forms  a 
tolerable,  but  not  a  very  durable,  building  stone.  It  is  a  good 
limestone,  containing  only  from  one-tenth  to  one-third  sand. 
It  is  sometimes  called  pisolite,  and  the  superior  or  Oxford  oolite, 
Oxford  is  chiefly  built  with  it. 

The  Upper  Oolitic  Series,  comprising  the  Kimmeridge  Clay,  the 
Aylesbwy,  Portland,  and  Purbeck  limestones. 

The  Kimmeridge  or  Oaktree  clay  consists  of  beds  of  slaty,  blue 
or  greyish  yellow  clay,  yielding  in  some  places,  as  near  Kim- 
meridge on  the  coast  of  the  isle  of  Purbeck,  highly  bituminous 
beds  of  shale  used  as  fael.  These  slaty  beds  contain  both 
aaimal  and  vegetable  impressions.  The  upper  part  of  the  rock 
is  covered  with  calcareous  spar,  and  the  upper  part  of  the  shale^ 
with  martial  pyrites;  hence  the  shale  bums  with  a  yellowish 
flattie  and.  sulphureous  smell,  but  the  lower  part,  ^called  stony 
#oal,  seems  to  .contain,  no  sulphur  and  burns  freely; —  it  con- 
tains a  Utile  lima.  Selenites  occur  in  it,  also  sulphate  of  alumina 
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from  which  alum  has  been  made.     Its  greatest  thickness  seems 
to  be  about  700  feet. 

The  oolitic  strata  of  Portland,  Tisbury,  and  Aylesbury  are  a 
coarse,  earthy  limestone ;  consisting  of  various  beds  differing 
from  each  other,  and  even  from  themselves  in  different  places : 
indeed  the  calcareous  rocks  through  all  the  oolites  are  hardly 
distinguishable  from  each  other  except  by  their  organic  re- 
mains. 

The  stone,  chiefly  used  for  architectural  purposes  in  London, 
comes  from  the  more  oolitic  part  of  this  formation  in  the  isles 
of  Purbeck  and  Portland.  The  lower  beds  of  the  latter  place 
contain  numerous  casts  of  shells;  and  these  beds  alternate  with 
others  consisting  of  chert;  the  next  superincumbent  beds  are 
worked  for  sale ;  and  the  uppermost,  or  cap,  is  principally  bamt 
for  lime.  The  whole  are  about  120  feet  thick.  But  the  thick- 
ness of  the  Purbeck  beds  is  about  300  feet.  They  consist  of 
many  thin  strata  of  argillaceous  limestone,  alternating  with 
slaty  marles.  The  lower  beds  of  stone  consist  chiefly  of  broken 
shells  in  a  pure  sometimes  crystallized  calcareous  cement 
Those  beds  are  separated  by  others  without  shells,  also  by 
shivery  layers  of  shale  and  marie.  The  upper  beds,  called  the 
Purbeck  marble,  have  the  shells  more  entire,  and  their  calca- 
reous matter  more  pure.  The  columns  and  monuments  of  the 
Gothic  churches  were  made  of  it,  but  it  is  now  out  of  use,  and 
its  quarries  are  filled  up. 

The  British  channel  must  have  subsided  after  the  deposition 
of  these  formations;  consequently,  about  the  isles  of  Portland 
and  Purbeck,  where  they  are  principally  developed,  the  strata 
are  in  the  greatest  confusion,  being  broken,  arched  and  contorted 
in  the  same  manner  as  the  transition  slates.  At  Chilmack, 
FonthHl,  and  Tisbury  the  strata  dip  towards  the  north  and  east, 
with  an  angle  of  40  degrees.  In  the  isle  of  Purbeck  they  dip 
inland  from  45  to  60  degrees.  The  elevation  of  Portland  and 
Purbeck  is  about  300  feet,  but  on  the  borders  of  Oxfordshire 
and  Buckinghamshire,  they  are  considerably  more  elevated. 
It  is  not  known  whether  any  of  this  upper  oolitic  system,  or 
even  the  middle  one,  extends  into  Yorkshire ;  and  some  of  the 
strata  are  deficient  in  the  southern  parts  of  the  range. 

None  of  the  oolitic  series  are  found  in  any  other  parts  of  the 
British  Isles,  except  the  Lias  which  occurs  near  the  basaltio 
district,  in  Ireland,  in  the  isle  of  Sky,  and  in  some  other  of 
the  Hebrides.    As  we  consider  them  to  form  a  part  of  the 


Digitized  by  VjOOQIC 


OEOLOOT. 


465 


contents  of  the  great  European  basin,  of  conrse,  they  are  to  be 
found  in  France,  encircling,  at  least  in  a  great  many  places,  the 
ehalk  district.  They  principally  compose  the  Jura  chain,  and 
abound  among  the  Alps  and  throughout  all  Europe.  Humboldt 
also  speaks  of  them  among  the  Andes.  The  following  cut  repre- 
sents a  vertical  section  of  them  and  the  succeeding  formations, 
taken  from  a  few  miles  south  of  Leicester,  to  between  Guildford 
and  Ryegate  in  Surrey. 


P.  The  New-red-sandstone.  O.  The  Uas.  N.  Inferior  Oolite.  M.  Great 
Ootite.  m  Combrash  and  Forest  Marble.  L.  Oxford  or  Clunch  Clay.  K.  The 
Coral  Rag,  Calcareons  Grit,  and  Kimmeridg^  Clay  are  wanting.  J.  Aylesbnry 
or  Portland  Limestone.  I.  Iron  Sand.  H.  Weald  Clay.  G.  Chalk  Marie  and 
tnees  of  Green  Sand.  F.  Chalk.  £.  Plastic  Clay.  D.  London  Clay.  B. 
Upper  Marine.  1.  Northampton.  2.  Chalk  Hills  near  Iringhoe  904  feet  elera- 
tkm.  3.  Harrow  on  the  HilL  4.  Bed  of  the  Thames.  5.  Botley  HUl  886. 
The  horizontal  fine  is  the  sea-lerel. 


3  N 
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13.  THE  CHALK  SYSTEM. 

The  Great  Chalk  formation  is  separated  from  the  last  of  the 
oolitic  systems,  by  a  series  of  beds  called  the  InmrBand,  the 
Weald'clay,  Green-sand  and  Chalk-marle, ^—heing  altogether 
abont  1000  feet  in  thickness.  However,  with  the  exception  of 
the  iron-sand,  which  may  be  considered  as  the  winding  up  of 
the  oolites,  they,  together  with  the  great  chalk  formation,  may 
be  as  strictly  said  to  belong  to  one  system,  as  the  component 
beds  of  any  one  of  the  three  oolitic  systems.  The  Weald-clay 
may  be  compared  to  the  lias ;  the  green-sand  to  the  sandy  beds 
between  the  lias  and  the  inferior  oolite;  and  the  chalk-marle  to 
the  inferior  oolite  and  its  beds  of  fuller's  earth;  while  the  chalk 
Itself  with  its  flints  will  bear  a  comparison,  as  to  component 
ingredients,  with  the  great  oolite,  forest-marle,  combrasfa,  dsc. 
Should  we  refer  to  the  chronological  indices,  viz.  the  organic 
remains,  we  perhaps  may  find  an  equally  near  analogy.  Bat 
though  the  chalk  system  contains  the  same  elementary  ingre- 
dients as  the  oolitic ;  yet,  there  seems  to  have  been  a  consider- 
able difference  in  ths  process  of  deposition.  In  the  oolites  we 
find  the  lime  generally  combined  with  the  sand»  for  which  it  is 
well  known  to  have  a  great  affinity  : — in  the  chalk  system  they 
are  uncombined ;  and  the  lime  seems  to  hXve  been  deposited  in 
the  form  of  chalk,  while  the  silica  was  afterwards  precipitated 
around  organic  remains,  and  in  the  fissures  of  the  chalk.  Hence 
the  origin  of  flints  which  are  so  abundant  in  the  chalk  formation, 
and  which  are  mostly  found  to  have  had  a  sponge,  an  alcyonium 
or  piece  of  wood  for  the  nucleus.  It  is  difficult  to  account  for 
this  difference  between  the  chalk  and  the  oolite,  only  we  would 
remark  that  the  calcareous  matter  of  the  latter  is  chiefly  com- 
minuted shells,  while  the  chalk  exhibits  nothing  but  a  uniform 
texture  of  unorganized  carbonate  of  lime.  The  oolite  then  may 
have  formed  the  bed  of  the  ocean,  mixed  up  with  organic  re- 
mains, and  indurated  by  the  stalactitic  process;  while  the 
chalk,  (as  recent  volcanoes  have  emitted  fluid  chalk)  might 
have  been  ejected  firom  the  volcanoes  of  a  vast  subsidence  and 
merely  floated  to  its  level  by  the  ocean. 

Jron-sand,  cantone  or  quenutone  consists  of  a  series  of  strata, 
in  which  sand  and  stone  predominate,  and  sometimes  alternate 
with  subordinate  beds  of  clay,  loam,  marie,  fuller's  earth,  and 
ochre.  The  stone  is  composed  of  silica  and  the  red  oxide  of 
iron ; — ^the  latter  is  occasionally  so  abundant  that  it  was  formerly 
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much  ID  request  for  'smelting, — it  gives  a  browmish  red  aspect  to 
the  soil,  or  where  less  abundant  the  beds  are  yellow  or  a  light 
buff.  In  some  places  the  stone  is  a  very  coarse  conglomerate, 
bat  in  others  a  fine  grained  sandstone.  At  Horsham,  Sussex, 
it  yields  flags  for  paving;  near  Lynn  in  Norfolk  the  iron- 
clinkers  are  valued  as  building  stone,  and  it  is  used  as  such 
about  Tunbridge.  At  Farringdon,  Berks,  it  is  used  for  mill- 
stones, and  in  Wiltshire  the  ancient  Britons  got  from  it  their 
quernstones.  It  contains  fossil  wood,  and  even  in  places,  as  at 
Lulworth  Cove,  Dorsets,  regular  beds  of  wood  coal.  The  alter- 
nating sand  has  also  the  appearance  of  that  of  the  great  coal 
formation.  In  Surrey  it  contains  a  thin  bed  of  vegetable,  and 
occasionally  carbonaceous  matter.  At  Aspley  and  Crawley 
occurs  silicified  wood,  and  not  far  from  the  former  place  are 
pits  of  fuller's  earth.  Specimens  of  hasmatitic  and  stalactitic 
iron  are  found  in  the  ochreous  beds.  Its  thickness  is  about  600 
feet,  and  its  most  elevated  point  is  Brill  hill,  where  it  caps  the' 
Purbeck  beds.  The  chalybeate  waters  of  Tunbridge  are  in  it. 
The  Weald  elay  containing  the  Petwarth  marhk.  This  forma- 
tion varies  from  a  dark,  tenacious  clay,  to  a  blue  or  grey  marie. 
It  generally  contains  layers  of  argillo-calcareous  concretions, 
fiill  of  shells  of  the  genus  vivipara  ^vmortcm,  the  middle  of 
which  is  usually  filled  with  calcareous  spar : — this  is  the  Pet- 
worth  marble.  It  partly  resembles  the  Purbeck  marble,  with 
which  it  has  been  confounded.  The  taper  shafts  clustering 
found  the  columns  of  the  early  gothic  style  were  made  from  the 
latter,  while  the  Petworth  marble,  on  account  of  its  brittleness, 
was  merely  wrought  into  thick  slabs.  Some  quarries  are  still 
worked  in  Surrey.  Many  of  its  beds  contain  specks  of  mica, 
and  sometimes  nodules  of  iron  pyrites  and  selenite ;  but  this 
formation  has  not  received  much  attention,  and  therefore  its 
organic  remains  are  little  known.  It  is  exhibited  on  the  largest 
scale  in  the  Wealds  of  Kent,  Surrey  and  Sussex — whence  its 
name.  It  is  here  about  3(30  feet  thick,  but  in  the  Isle  of  Wight 
its  thickness  is  only  100  feet.  Where  springs  of  water  come  in 
contact  with  the  blue  marie,  it  becomes  of  the  consistency  of 
mud,  runs  out,  and  leaves  the  overlying  sandstone  without  sup- 
port A  large  landslip  in  the  Isle  of  Wight,  now  variegated 
with  rocks,  woods,  cottages,  and  cornfields,  and  which  forms 
the  principal  attraction  of  the  visitors  to  the  island,  is  partly 
attributed  to  this  circumstance. 

3n2 
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The  Oreen.  Sand.  This  is  the  most  important  of  these  forma- 
tionB  both  in  extent  of  surface,  and  in  the  number  and  beautj 
of  its  organic  remains :— though  its  greatest  thickness  is  sup- 
posed to  be  only  about  300  feet.  It  consists  of  loose,  pure  sand 
and  sandstone  that  has  a  calcareous  cement.  Spangles  of  m^ca 
occur  in  it,  and  in  some  places,  beds  of  chert  and  veins  of  chal- 
cedony. It  frequendy  alternates  with  beds  and  nodules  ot 
limestone,  called  ra^;  and  occasionally  beds  of  clay,  and  fuller's 
earth  are  found  in  it  Its  texture  varies  very  much  in  different 
places,  from  a  quartz  conglomerate  to  a  fine  grained  sandstone. 
Its  green  particles  are  occasionally  so  abundant  as  to  form  its 
prevailing  colour,  but  sometimes  the  iron  is  in  the  red  oxide, 
when  the  colour  is  buff. 

In  Devonshire  and  Dorsetshire  a  patch  of  the  green  sand 
comes  in  contact  with  the  new-red-sandstone,  so  that  the  sub- 
sidence, which  depressed  this  part  of  the  island,  must  have 
heen  posterior  to  the  oolitic  system,  and  must  have  given  birth 
tp  this  formation.  It  here  crowns  many  hills,  among  which  is 
Blackdown;  its  thickness  is  200  feet;  and  it  is  in  the  form  of 
a  fine  grained  sandstone,  and  principally  supplies  England  with 
whetstones— its  quarries  yield  150  species  of  shells.  Its  ejeva- 
tion  here  and  at  Halidon,  beyond  Exeter,  is  818  feet;  but  at 
heiih,  in  Surrey,  it  is  903  feet 

The  Chalk-MurU  is  a  mere  connective  link  formed  by  the 
gradation  of  the  green-sand  into  the  chalk.  Its  lower  beds 
are,  therefore,  principally  sand,  iu  upper  chalk,  and  the  mid^ 
die  are  o£  an  argillaceous  charaeter.  Yet  the  component 
ingredients  are  so  intimately  blended  through  ^  the  beds,  thai 
the  subdivision*  are  no  better  to  distinguish  than  the  limiCa  of 
the  formation.  The  lower  beds  are  a  fine  grained,  greyish 
sandstone  of  fi  loose  texture;  the  middle  are  a  bluish  grey 
marie,  and  the  upper  are  distinguished  from  the  true  chalk  by 
their  greyish  or  motUed  character,  laminated  texture,  falling  to 
pieces  after  being  wetted  and  dried,  and  not  marking  like  chalk. 
In  some  places  they  assuma  such  hairdness  as  to  be  used  for 
building  stone.  They  contain  about  82  per  cent  carbonate  of 
lime,  while  tbe  middle  beds  only  contain  about  30.  The  thick- 
ness of  the  whole  formation  is  about  300  ot  400  feet  The  most 
elevated  point  ia  at  the  old  Roman  station  called  Sinodunom, 
which  overhangs  the  Thames  opposite  Dorchester  600  feel 
above  the  sea-level.    It  is  extensively  quarried  al  TottemlMe 
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(Beds.,)  and  Reacb,  (Cam.,)  where  it  is  called  clonoh.  It 
forms  the  Castle-hill  at  Cambridge,  and  most  of  the  neighbonr- 
iog  heights ; — thence  ranges  by  Royston,  Balsham,  and  New- 
market. 

The  Chalk  Fortnation.  Chalk  consists  of  66*5  lime,  43  car- 
bonic acid,  and  0*5  water.  It  is  generally  white,  bat  its  less 
pure  varieties  sometimes  contain  a  tinge  of  alumina  or  silica, 
when  the  colour  is  yellowish ;  some  of  the  ioifer  beds  are  of  a 
reddish  colour,  and  are  supposed  to  contain  red  oxide  of  iron. 
Tbroughoat  the  formation,  but  especially  in  the  lower  beds,  are 
specks  of  green  earth,  the  same  as  in  the  green  sand.  Near 
the  bottom,  harder  beds  alternate  with  the  soft  upper  ones. 
These  afford  a  compact  and  very  durable  building  stone^  as 
witnessed  by  the  Abbey  of  Hurley,  Berks,  and  with  which  the 
harbour  at  Dover  is  now  constructing:  its  blocks  return  a  ring- 
ing sound  to  the  blow  of  a  hammer. 

It  occasionally  contains  subordinate  beds  of  other  substances, 
as  chalk-marle,  fuller's  earth,  and  thin  parting  seams  of  clay; 
but  its  most  remarkable  feature,  is,  its  beds  or  layers  of  nodular 
flints,  which  alternate  through  the  greater  part  of  its  mass, 
though  much  more  abundantly  in  the  upper  part; — hence  the 
distinction  of  the  upper  and  lower  chalk.  Sometimes  the  flinty 
strata  consist  of  tabular  masses,  which  are  occasionally  in  veins. 
Near  Brighton  is  a  bed  containing  flints  and  rounded  masses  of 
granite  and  porphyry.  The  only  mineral  in  chalk  is  martial 
pyrites.  They  are  mostly  crystalline,  exhibiting,  when  broken, 
a  fibrous  structure;  and  are  often  in  a  cylindrical  form, — these 
were  once  supposed  to  be  thunderbolts.  Near  Warminster, 
Wiltshire,  large  blocks  of  crystalline  carbonate  of  lime  have 
been  found. 

The  organic  remains,  which  have  hitherto  attended  us,  en- 
tirely cease  with  the  chalk, — they  being  very  different  from 
those  that  occur  in  the  later  formations.  These  in  general  may 
be  identified  with  what  now  exist  in  the  neighbouring  oceans ; 
while  all  those  in  the  chalk  and  downwards,  belong  to  extinct 
species ;  and  many  of  their  genera,  which  on  the  whole  are 
comparatively  few,  are  different  from  any  now  known.  The 
ammonites,  which  are  here  from  12  to  18  inches  diameter,  end 
with  the  lower  chalk.  Nearly  all  the  flints,  after  they  have  been 
steeped  in  water,  exhibit  the  appearance  of  silicified  organic 
remains.  Their  interior  often  contains  drusy  cavities  lined 
with  tubercular  chalcedony  or  qnarta  crystals.      It  exhibits 
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other  traces  of  organic  remains,  whose  original  substance  is 
replaced  by  carbonate  of  lime;  at  other  times  by  martial 
pyrites. 

The  general  character  of  the  surface  of  the  chalk  is  hiUy;— 
the  bills  being  remarkable  for  their  rounded  outline,  and  for 
the  deep  hollows  and  indentations  on  their  exterior  side,  and 
their  interior  gentle  slope  towards  the  centre  of  the  formatioD, 
when,  at  the  distance  of  some  miles,  they  glide  beneath  the 
plastic  clay.  It  is  also  remarkable  for  being  broken  through 
by  rivers  that  have  their  rise  on  a  surface  of  far  less  elevatibn. 
At  the  conclusion  of  this  formation,  nature  seems  to  have  made 
a  considerable  stand,  before  she  overlaid  the  plastic  clay;  since 
the  surface  of  the  chalk,  when  stripped  of  this  clay,  displays,  by 
its  indentations,  a  long  series  of  the  action  of  floods ;  and  it 
contains  many  deposits  of  alluvial  and  diluvial  beds  of  its  own 
flints,  that  have  been  washed  out  of  it.  Indeed,  over  a  great 
many  counties  westward  of  the  chalk  are  traces  of  it,  as  if  it 
had  been  completely  washed  away  with  the  exception  of  some 
round  hard  fragments  and  some  of  its  flints.  Yet  this  might 
have  been  occasioned  by  one  of  those  subsidences,  which  have 
depressed  the  British  part  of  the  great  European  basin  so  much 
below  the  Alpine  edge ;  when  tbe  sea  again  broke  over  the 
oolitic  systems,  and  thus  carried  the  fragments  of  the  chalk  for- 
mation far  from  their  bed ;  at  the  same  time  giving  the  determi- 
nation to  its  transverse  valleys. 

The  chalk  is  considered  as  forming  the  best  ascertained  stra- 
tum of  the  central  European  basin,  extending  from  the  Thames 
on  the  west  to  the  Don  at  the  eastern  limits  of  Europe,  and 
next  to  the  new-red-sandstone,  displaying  the  most  extensive 
surface :  though  it  is  doubtful  whether  it  exists  beyond  £arope, 
and  it  is  positively  affirmed  that  it  is  nowhere  to  be  met  with  oa 
the  American  continent.  Its  average  thickness  is  supposed  to 
be  from  600  to  1000  feet.  It  constitutes  the  Wolds  of  York- 
shire and  Lincolnshire,  where  it  has  an  average  breadth  of 
rather  more  than  six  miles.  Its  greatest  elevation  in  Yorkshire 
is  at  Wilton  Beacon  809  feet.  In  passing  through  Bedfordshire, 
it  forms  the  Royston  and  Luton  Downs ;  and  in  Buckin^iam- 
shire  and  Oxfordshire  are  the  Chiltern  hiUs.  The  vale  of  the 
Thames  passes  through  it,  where  is  tho  finest  natural  scenery 
of  that  river.  It  thence  takes  the  name  of  Ilsey  downs.  White* 
horse  hills,  Marlborough  downs;  Inkpen  hill  south  of  Salisbury 
is  its  highest  point,  being  lOlI  feet  above  the  sea-level ;— it 
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here  forms  a  principal  part  of  SaKsbury  plain.  A  branch  of  it 
forms  the  north  downs  of  Surrey  and  Rent,  bounding  what  is 
called  the  London  basin  on  the  south,  and  ending  in  the  cliffs  of 
Dover,  which  range  along  the  coast  about  13  miles,  and  at  a 
mile  north  of  Folkstone  have  an  elevation  of  575  feet.  Another 
branch  forms  the  South  downs,  skirting  the  Wealds  through 
Sussex,  and  ending  in  the  promontory  of  Beachy  head. 

The  chalk,  since  its  deposition  in  horizontal  beds,  has  been 
disturbed  by  many  distinct  subsidences,  apparently  occurring 
at  different  leras:  hence,  its  strata  are  variously  inclined. 
Where  it  exhibits  no  signs  of  great  disturbance  the  dip  is  very 
gentle,  being  in  Yorkshire,  near  Hull,  only  5  yards  in  a  mile 
eastward.  But  near  the  subsidence  which  separated  the  Isle 
of  Wight  from  the  Hampshire  coasts  the  chalk  is  vertical,  as  at 
Culver  cliff  in  that  island,  also  on  the  opposite  coast  near 
Purbeck.  The  same  subsidence  probably  extended  along  all 
the  southern  coast;  for,  where  the  outlying  chalk  and  green-sand 
formations  come  in  contact  with  the  lias  and  new-red-sandstone, 
the  chalk  cliffs  on  the  shore  from  Lime  to  Sid  mouth  exhibit 
vertical  strata.  In  the  South  downs,  the  dip  towards  the  Isle  of 
Wight  basin  or  subsidence  is  from  5  to  16  degrees.  In  the 
North  downs,  where  the  inclination  was  caused  by  the  sub- 
sidence which  gave  birth  to  the  London  basin,  the  dip  is 
from  10  to  15  degrees ;  from  Guildford  to  Farnham  Surrey 
it  is  45  degrees;  but  ranging  round  by  the  west  to  the  south,  the 
dip  is  very  gentle.  At  Dover  the  dip  is  less  than  1  degree 
towards  the  N.  £. 

The  opposite  coast  of  France  affords  a  curious  subject  for 
speculation  in  the  subsidences  which  have  disturbed  the  general 
outlines  of  the  great  European  basin,  and  severed  England 
from  the  continent.  We  have  there  along  with  the  oolitic  system 
a  portion  of  the  mountain  limestone,  while  the  corresponding 
English  coast  displays  nothing  older  than  the  iron-sand.  And  the 
cliffs  of  Dover  or  Folkstone  seem  to  be  near  double  the  height 
of  those  on  the  French  coast.  The  English  coast  must  there- 
fore have  had  a  lower  level  than  that  of  France  at  the  com- 
mencement of  the  oolites,  but  after  the  deposition  of  the  Plastic 
clay,  the  French  coast  must  have  subsided;  while  that  of 
England  from  Dover  to  Beachy  head  must  have  nearly  retained 
its  position  : — at  this  time  we  suppose  the  sea  broke  through  the 
straits  of  Dover:  and  as  the  English  strata  shew  no  inclination 
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towards  the  centre  of  the  straits,  probably  these  lofty  cliffs  owe 
their  precipitous  character  to  a  slip. 

In  Surrey  the  river  called  the  Mole  has  its  subterranean 
course  through  the  chalk  formation,  though  but  a  small  part 
is  engulfed  or  absorbed,  except  in  long  droughts  when  the 
whole  disappears  for  a  space  of  two  miles. 

14.   STRATA  ABOVE  THB  CHALK. 

Piastic  Clay,  London  Clay,  Froshwaier  Beds,  Upper  Marme. 

We  are  now  entering  another  new  order  of  things,  and  a  new 
aera  of  this  world's  history,  where  the  transition  from  the  chalk 
in  as  great,  as  that  from  the  new-red-sandstone  to  the  oolites. 
Though  we  have  the  same  earthy  ingredients;  viz.  claj,  sand, 
marie,  and  lime;  yet  we  have  not  the  same  consolidatioD. 
Throughout  the  primary  and  transition  the  prevailing  charac- 
teristic is  that  of  fusion  and  agglutination  by  heat:  among  the 
oolites  and  chalk,  every  thing  has  been  effected  by  aqueous 
solution — the  lime  has  cemented  with  its  sparry  or  stalactitic 
depositions,  and  the  sand  has  done  the  rest  by  petrifactions: 
so  that  almost  every  rock  has  a  firm  cement  of  lime  and  sand; 
and  nearly  every  organic  remain  is  a  perfect  calcareous  spar  or 
piece  of  silex — ^these  substances  having  taken  the  place  of  the 
original  component  ingredient,  and  left  only  the  impression. 
But  the  prevailing  characteristic  of  the  present  series  is  a  gen- 
eral want  of  induration.  The  clay  is  mostly  soft  and  pliant,  the 
sand  unagglutinated,  the  marie  unconcreted,  and  the  limestone 
very  imperfectly  solidified.  The  shells  in  general  have  under- 
gone no  further  change  than  the  loss  of  their  colouring  matter 
and  their  gelatine,  and  might  often  be  mistaken  for  recent  spe- 
cimens. Though  the  shells  in  the  lower  strata.differ  nearly  as 
much  from  those  of  our  present  seas,  as  they  do  from  those  of 
the  chalk ;  yet,  in  the  upper  beds,  there  is  a  regular  gradation 
towards  such  as  now  exist.  But  here  occurs  a  much  greater 
variety  of  organic  remains,  especii^\>f  vegetable;  nevertb^ 
less,  their  prevailing  eharacterlstic  is  still  that  of  a  warm  cli- 
mate. 

ne  PlatHc  Clay  formation  is  composed  of  sand  and  an  inde- 
finite nnmber  of  subordinate  clay  and  pebble  beds,  irregularly 
altematingy  but  altogether  constituting  one  great  series  of  nearly 
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contemporaneous  depositions.  In  the  Paris  basin  it  is  said  to 
consist  of  two  beds  of  clay  separated  by  a  bed  of  sand.  The 
lower  of  these  beds  is  properly  the  Plastic  clay,  from  wluoh 
the  whole  formation  is  named.  It  is  unctuons  to  the  touch, 
tenacious,  and,  when  it  docs  not  contain  much  iron,  is  abso* 
lately  refractory  in  the  fire ;— hence  its  extensive  use  in  all 
kinds  of  articles  connected  with  pottery.  Its  colour  also  fits  it 
for  these  various  purposes : — being  sometimes  grey,  yellow, 
grey  mixed  with  red,  idmost  a  pure  red,  or  very  white.  It  is 
used  as  fire-clay,  brick-clay,  pipe-clay,  potter's-clay,  and  porce- 
lain-clay, according  to  its  various  degrees  of  purity.  But 
it  sometimes  occurs  as  fuller's  earth.  The  sand  at  Studland 
point,  Dorsetshire,  passes  into  limestone;  but  in  all  other 
places  it  is  loose,  and  of  an  almost  infinite  variety  of  colour. 

Its  minerals  are  locally  blended  with  the  mass,  and  consist  of 
pyrites,  green  earth,  nodules  of  dark  coloured  limestone,  sele- 
nite,  fibrous  gypsum,  mica,  and  tubular  ironstone.  The  organic 
remains  are  very  irregularly  dispersed,  being  sometimes  in  the 
sand  only,  at  other  times  only  in  the  clay,  and  in  some  places 
they  are  entirely  wanting.  They  consist  of  many  species  of 
shells,  with  teeth  of  fish,  and  perhaps  some  bones  of  other 
animals.  It  contains  imbedded  layers  of  an  imperfect  kind  of 
coal,  that  still  bears  decided  marks  of  its  vegetable  origin, 
exhibiting  even  the  branches  and  leaves  of  plants,  among  which 
has  been  observed  the  fruit  of  the  palm  tree. 

Its  surface  is  generally  flat,  especially  on  the  N.£.  of  Lon- 
don; but  on  the  S.  W.  of  Hertford,  it  has  considerable  eleva- 
tion; in  some  parts  of  Kent  it  swells  into  gentle  eminences,  but 
its  highest  point  is  about  Dean-hill  a  few  miles  S.Eof  Salisbury. 
At  Sundridge  park  near  Bromley,  the  sea  appears  to  have 
peaceably  retired  from  it,  leaving  the  strand  almost  an  entire 
bed  of  loose  gravel.  In  several  places  are  beds  of  breccia  or 
pudding-stone,  consisting  of  small  nodules  of  chalk  flints  cemented 
with  silica.  Its  thickness  at  London  is  about  100  feet ;  at  Wool* 
wich,  near  200;  but  where  it  is  vertical  in  Alum-bay,  Isle  of 
Wight,  it  appears  to  be  1100  feet. 

ne  London  Clay  in  some  places  consists  whoHy  of  a  bluish 
or  blackish  tough  clay,  but  in  others  it  contains  calcareous  mat- 
ter, and  assumes  the  character  of  marie;  in  the  Isle  of  Wight 
it  is  mixed  with  a  considerable  quantity  of  green  earth;  at 
Bognor  on  the  Sussex  coast,  are  several  detached  masses  of 
rock  belonging  to  this  formation— the  lower  part  being  limestone 
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and  the  upper  sandstone.  The  cliff  near  Harwich  in  Essex 
also  contains  masses  of  stratified  limestone.  The  limestone  on 
which  Paris  stands,  called  the  eakaire  gratsier,  and  with  which 
many  of  its  buildings  are  erected » is,  from  the  fossils  it  contains, 
supposed  to  belong  to  the  same  formation. 

The  most  distinguishing  characteristics  of  the  London  clay 
are  its  septaria  and  organic  remains.  The  former  consist  of 
nearly  horizontal  layers  of  orate,  or  flattish  masses  of  argillace- 
ous limestone;  which  generaUy  seem  as  if  they  had  been  tra- 
versed in  Yarious  directions  by  fissures  that  hare  been  afterwards 
filled  with  calcareous  spar,  or  sulphate  of  barytes.  They  occa- 
sionally appear  to  have  been  formed  round  fossil  wood,  and 
often  contain  shells  still  exhibiting  the  pearly  lustre.  They  are 
burnt  and  ground  for  the  manufacture  of  Parker's  cement,  used 
for  stucco  and  building  under  water. 

It  contains  martial  pyrites  in  considerable  abundance,  and 
occasionally  phosphate  of  lime,  also  selenite,  and  perhaps  sul- 
phate of  magnesia;  hence  the  impurity  of  its  spring  waters, 
which  are  supposed  to  be  occasionally  tinged  with  Epsom  ssdts 
as  well  as  muriate  of  soda.  Though  London  stands  upon  this 
formation,  yet  most  of  the  wells  are  in  the  superincumbent  allu- 
vium which  affords  an  astonishing  quantity  of  excellent  water, 
and  some  of  them  are  sunk  entirely  through  this  clay.  When 
the  digger  has  reached  the  Plastic  clay,  the  fine  so^  water  of 
that  formation,  generally  rushes  in  so  fast  that  it  is  over  his  head 
before  he  can  escape : — ^but  it  rises  to  different  heights  at  different 
places. 

In  excavating  Highgate  funnel  or  arohway,  which  is  wholly 
in  this  formation,  fossil  copal  or  resin  was  found ;  and  amber  is 
said  to  be  occasionally  discovered  in  the  gravel  pits  about  Lon- 
don. Amber  is  also  found  in  a  brown  clay  supposed  to  belong 
to  this  formation  on  the  coast  of  Uoldemess,  Yorkshire.  In  a 
like  deposit,  probably  in  the  same  stratum,  it  occurs  in  various 
parts  of  Europe,  as  France  and  Italy,  but  especially  in  Prussia 
where  the  greatest  quantity  is  found,  associated  with  a  vast 
accumulation  of  vegetable  remains.  In  several  places  of  the 
Irish  coast,  in  New  England  and  Bermuda  in  America,  amber 
frequently  occurs. 

No  formation  is  more  interesting  as  to  organic  remains.  Of 
the  amphibious  class,  it  contains  the  crocodile  and  the  turtle. 
There  are  various  specimens  of  vertebral  fish,  and  many  species 
of  the  crab  and  lobster  occur  among  the  orustaceous.    Few 
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genera  of  recent  shells  are  to  be  met  with^  which  have  not  some 
representative  imbedded  in  this  formation ;  among  which  are 
nantilitos  resembling  those  of  the  Indian  seas.  They  seem  to 
hold  a  middle  character  between  present  shells  and  those  of  the 
older  formations ; — chiefly  difiering  from  the  latter  in  genera 
and  firom  the  former  in  species. 

It  frequently  contains  small  portions,  bat  sometimes  even 
masses  of  wood,  partially  retaining  the  woody  fibre ;  but  it  is 
oftener  black  with  the  appearance  of  having  been  charred.  It 
also  exhibits  the  perforations,  and  even  contains  the  casts  of  a 
species  of  the  twredo  navalUy  or  borer,  that  infests  the  West 
Indian  seas.  Bat  the  most  remarkable  deposit  of  vegetable 
remains  is  in  the  Isle  of  Sheppy,  where  have  been  enumerated 
700  species  of  fruit  or  lignpous  seed  vessels,  very  few  of  which 
agree  with  any  now  known.  At  Kew  was  found  a  species  of 
the  cocoa  nut,  with  varieties  belonging  to  the  spice  tribes.  But 
wherever  this  formation  is  broken  into,  it  always  exhibits  in<» 
tei^sting  specimens  of  fossils,  and  in  so  perfect  a  state  as  argues 
that  they  had  not  been  drifted  from  a  distance ;  a  strong  colla- 
teral proof  of  the  existence  of  our  great  Atlantic  continent,  as 
also  of  another  part  of  our  theory,  viz.  that  the  earth  had  then 
a  higher  temperature  than  at  present 

The  surface  of  this  formation  is  generally  low  and  flat  with 
gentle  undulations,  such  as  at  Highgate  and  Hampstead.  Its 
most  elevated  point  is  the  summit  of  High-beach,  Essex,  769 
feet.  Langdon-hill  in  the  same  county  is  620.  Danbury  is  not 
much  less.  Shooter's-hill,  Kent,  446  feet.  Richmond  and  St 
Ann's-hill,  Surrey,  are  of  it  Its  thickness,  as  found  at  different 
places,  varies  from  70  to  700  feet  Its  strata  are  nearly  hori- 
zontal, except  in  the  Isle  of  Wight  where  it  is  nearly  vertical, 
proving  that  the  last  subsidence  which  finally  separated  that 
island  from  England  was  posterior  to  this  formation;  it  lines 
the  bottom  of  the  intervening  strait  called  the  Solent. 

The  American  tract,  betjveen  the  Allegany  mountains  and 
the  Atlantic,  appears  to  be  composed,  principally,  of  this  and 
the  following  formations.  In  lower  Egypt,  near  the  Pyramids, 
are  traces  of  it;  and  shells  from  the  foot  of  the  Himala  agree 
with  those  of  the  London  clay.  In  Iceland  is  a  hill  of  a  similar 
kind  of  clay  containing  shells  smaller  than  any  now  found  in 
the  neighbouring  seas; — this  is  the  only  exception  to  the  igne- 
ous formation  of  that  island. 
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Fresh-water  Formations  of  the  Isle  of  Wight  We  have 
had  hitherto  no  decisive  indications  of  fresh  water  strata.  It  is 
tme  we  have  seen  a  great  many  land  productions,  but  all  had 
been  floated  to  their  beds  by  the  overwhelming  flood  of  the 
ocean.  We  have  now  come  to  the  contents  of  a  fresh  water 
lake,  which  seems  to  have  been  filled  up  with  alluvium,  though 
with  occasional  irruptions  of  the  sea;  and  then  its  containing 
edges  subsided  and  left  a  portion  of  the  strata  nearly  in  a  hori- 
zontal state,  so  that  we  have  in  one  instance  a  rounded  hill 
made  up,  as  it  were,  of  a  number  of  plates  laid  flat  upon  each 
other:  the  broadest,  of  course,  occupying  the  lower  part.  This 
is  Headon  hill,  which  occupies  a  great  portion  of  the  north  west 
part  of  the  Isle  of  Wight  Its  base  is  two  immense  beds  of 
sand,  which  abut  against  the  nearly  ^vertical  JiOndon  clay.  The 
lower  bed  is  yellow,  and  above  100  feet  thick,  and  seems  nearly 
vertical;  upon  this  is  a  bed  of  white  sand  of  from  30  to  60  feet 
thick — much  used  in  the  manufacture  of  glass. 

There  are  two  distinct  fresh  water  formations,  separated 
from  each  other,  by  the  upper  marine  formation.  The  lower 
one,  which  not  only  forms  the  lower  part  of  Headon  hill»  bat 
nearly  all  the  northern  part  of  the  Isle  of  Wight,  consists  of  a 
series  of  clay,  sand,  marie  and  siliceous  limestone,  mixed  with 
more  or  less  of  a  brownish  coaly  matter,  and  sometimes  tra- 
versed by  veins  of  calcareous  spar.  The  quarries  of  Binstetd 
were  formerly  of  great  celebrity,  and  furnished  materials  for 
many  ancient  structures,  both  in  this  island  and  the  neighbour- 
ing  counties,  but  it  is  now  little  used  as  a  building  stone.  Its 
calcareous  matter  chiefly  consists  of  fresh  water  shells,  no 
marine  exuvias  have  been  found  in  it  Three  parts  of  the  organic 
remains  of  this  and  the  following  formations  belong  to  species 
now  known.  Its  most  elevated  point  is  supposed  to  be  Headon 
hill  90  feet,  its  thickness  is  63  feet,  and  it  dips  gently  tawardi 
the  north.  It  is  separated  from  the  upper  fresh  water  forma- 
tion by  the  upper  marine,  which  is  here  36  feet  thick,  is  a  light 
greenish  coloured  marie,  without  any  mineral  contents;  but 
with  vast  quantities  of  marine  shells,  some  so  perfect  as  hardly 
to  be  distinguished  from  recent  ones.  This  is  succeeded  by  six 
inches  of  sand  ,  and  then  comes 

The  Upper  Freih-water  formation,  which  consists  of  a  yel- 
lowish white  marie,  with  masses  that  contain  a  greater  portico 
of  lime;  and  it  contains  veins  of  some  inches  thick  of  pore 
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crystallized,  and  frequently  radiated  carbonate  of  lime;  but  in 
some  places  it  contain!  excellent  building  stone.  In  Headon 
hill  it  is  about  56  feet  thick,  and  over  it  is  11  feet  of  yellow 
clay  containing  an  unknown  bivalve  shell;  and  above  that, 
another  bed  of  yellow  clay  without  shells.  Next  comes  a  bed 
of  friable  calcareous  sandstone,  also  without  shells,  and  above 
this  another  limy  stratum,  with  a  few  fresh  water  shells;  these 
beds  are  occasionally  of  a  compact  and  porcelainous  character, 
and  are  succeeded  by  a  thick  cap  of  alluvium,  that  raises  the 
summit  of  Headon  hill  400  feet  above  the  level  of  the  sea. 

We  have  several  indications  of  analogous  fresh  water  forma^ 
tions  in  England,  especially  on  the  Hampshire  coast,  but  appa- 
rently not  of  a  decisive  nature.  In  the  Paris  basin,  which  in 
most  respects  agrees  with  that  of  the  Isle  of  Wight,  some  of 
the  stone  will  admit  of  being  polished  as  marble.  The  English 
varieties  are  destitute  of  gypsum,  while  the  French  contain 
numerous  beds;  and  on  the  uppermost  of  which  were  found  the 
bones  of  unknown  birds  and  quadrupeds,  together  with  a  few 
fresh  water  shells.  Fresh  water  formations  occur  in  the  S.  W. 
of  France  surrounding  Agon,  and  stretching  to  Pau  at  the  foot 
of  the  Pyrenees;  and  near  Aix  in  the  north,  and  in  other 
places  near  the  Rhine.  They  are  very  frequent  in  the  Subal- 
pine  district,  and  near  the  Appennines  even  forming  ranges  of 
low  hills.  They  are  not  uncommon  in  Spain,  Sicily,  Dalmatia 
and  Greece,  and  Malta  is  entirely  composed  of  them.  In  th6 
Norwegian  fnths  are  deposits,  supposed  fresh  water,  100  feet 
above  the  sea. 

The  Upper  Marine  formation,  consists  of  strata  distinct  from 
the  London  clay,  but  resting  immediately  upon  it.  It  forms 
the  substratum  of  Bagshot  Heath  and  several  adjoining  tracts, 
also  the  low  cliffs  on  the  east  coast  of  Suffolk,  and  occurs  in 
the  Isle  of  Wight  between  the  fresh  water  formations  as  above 
mentioned. 

Bagshot  sand  seems  a  generic  term  for  all  the  tracts  of  sand 
found  above  the  London  clay.  It  consists  of  pure  sand  or  sand- 
stone; the  former  occasionally  includes  brickearth,  and  the 
latter  imbedded  chalk  flints.  The  masses  of  rock  called  Sars- 
den  stone.  Grey  Weathers,  or  Druid  stones,  of  which  are  the 
principal  masses  of  Stonehenge,  and  other  detached  masses 
overlying  the  chalk,  belong  to  it.  It  covers  Highgate,  Uamp- 
stead  and  Hornsey  hills,  St.  Ann's,  and  Shrub's  hiU  near 
Chertsey.  It  chiefly  crowns  the  higher  parts  of  the  London  clay  > 
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though  not  the  most  eloTated,  since  its  greatest  height  seems 
only  to  he  about  463  feet.  Its  thickness  is  not  known.  It 
contains  no  minerals,  and  its  few  organic  remains  are  yery 
imperfect.  It  seems  doubtful  whether  some  of  the  rocky  masses 
aboTe  enumerated  do  not  belong  to  the  Plastic  clay.  They 
are  so  hard  as  to  require  blasting: — Windsor  Castle  is  built 
with  them. 

Suffolk  Crag  is  a  local  name  for  this  formation.  At  Walton 
Naze  it  constitutes  about  30  feet  of  tlie  upper  part  of  the  cliff; 
the  lower  part,  (15  feet)  being  London  clay.  It  chiefly  consists 
of  sand  and  gravel  containing  shells.  At  Harwich  it  contains 
masses  of  ferruginous  sand  somewhat  cemented  together,  which 
is  the  only  mineral  substance  that  it  exhibits.  Most  of  its  sheUs 
differ  little  from  those  of  the  neighbouring  seas :  some  are  inhabi- 
tants of  distant  seas,  and  others,  though  very  few,  are  of 
extinct  species.  A  few  fragments  of  small  bones  of  an  unknown 
animal  are  peculiar  to  this  bed.  They  are  seldom  more  than 
half  an  inch  in  thickness,  two  in  width,  and  twelve  in  length ;  and 
always  have  a  flat,  compressed  form.  They  most  frequently 
occur  at  Harwich.  On  this  beach  a  large  fossil  tooth  has  been 
found,  supposed  of  the  mammoth.  It  seems  to  be  of  somewhat 
later  formation  than  the  Bagshot  sand, — and  its  strata  are  nearly 
horizontal. 

We  have  ground  for  the  deduction  that  the  Isle  of  Wight 
basin  has  partially  shrunk  since  the  deposition  of  the  fresh 
water  formations;  but  since  the  upper  marine  of  the  Hampshire 
coast  is  not  identified  with  that  of  the  Isle  of  Wight,  we  are 
not  authorized  to  say  that  there  has  been  any  shrinking  since 
the  deposition  of  this  formation ;  though  it  is  certain  that  the 
surface  of  the  ocean  has  subsided  to  a  much  lower  level,  being 
drained  off  perhaps  by  a  subsidence  in  a  distant  quarter  of  the 
globe. 

We  have  several  instances  on  record  of  local  subsidences 
which  have  taken  place  at  no  very  distant  ceras.  The  SdUy 
Isles  are  proved,  both  by  record  and  submarine  works  of  human 
ingenuity,  to  have  been  half  submerged  since  Strabo's  time. 
According  to  tradition  the  sea  has  made  great  encroachments 
in  Cardiganshire:  the  Bay  once  formed  a  Sixth  Hundredth, 
there  being  now  only  Five.  A  submarine  forest  may  be  ob- 
served from  the  Isle  of  Dogs  to  Purfleet.  In  tlie  year  245  the 
sea  is  said  to  have  overflowed  many  thousands  of  acres  on  the 
coast  of  Lincolnshire,  which  have  never  been  recovered.  Along 
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this  coast  and  part  of  that  of  Yorkshire,  under  the  surface  and 
considerably  below  high  water  mark,  are  remains  of  a  forest  of 
trees,  which  seem  to  have  grown  on  a  peat  moor,  that  now  ex- 
tends under  the  sea.  On  the  coast  between  Liverpool  and 
Preston  is  a  similar  submarine  forest;  and  a  peat  moor  exists 
at  a  very  low  level  in  that  country.  Considerable  changes  with 
respect  to  the  elevation  of  the  surface,  are  also  supposed  to 
have  taken  place  in  the  north -eastern  parts  of  Cambridgeshire. 
In  all  these  cases,  the  trees  are  standing  upright  in  their  natural 
position  with  the  roots  in  the  ground,  and  therefore  have  not 
been  drifted  from  a  distance.  Besides  these,  have  been  local 
subsidences  which  occurred  during  storms,  as  at  Horseford  in 
Norfolk  in  the  year  1745,  when  the  soil  sunk  during  a  thunder 
storm.  Also  last  March,  1824,  in  a  province  of  Naples,  the 
ground  to  the  extent  of  about  five  acres  sunk  with  a  tremendous 
crash; — in  the  preceding  night  had  been  a  dreadful  storm 
in  the  Adriatic.  For  instances  connected  with  this  subject 
and  the  following  chapter,  see  "  The  Historical  Remem- 
brancer." 

The  level  of  the  sea  seems  to  be  generally  rising  in  the  Medi- 
terranean and  falling  in  the  northern  latitudes.  From  the 
commencement  of  the  Christian  sera  to  the  middle  ages,  the  sea 
rose,  at  the  temple  of  Serapis  near  the  Monte  Nuovo,  Italy, 
above  16  feet;  and  then  subsided  below  its  former  level,  and  is 
now  again  rising.  The  sea  is  making  regular  annual  encroach- 
ments on  the  eastern  coasts  of  America;  while  in  the  South 
Sea  between  44  and  46  deg.  W.  Long,  and  at  about  62  deg, 
S.  Lat.  are  islands  or  extensive  perpendicular  rocks,  with  the 
remains  of  whales  and  other  sea  monsters  strewed  over  them ; 
though  these  rocks  have  a  volcanic  appearance,  but  at  consi- 
derable elevations  on  the  sides  of  ^tna  are  marine  shells. 
These  shew  that  terrestrial  subsidences  are  still  going  on;  and 
that  new  rocks  are  forming,  one  instance  will  serve  to  prove. 
Near  Aix,  Provence,  is  a  quarry  of  a  deep  grey  limestone, 
which  hardens  on  exposure  to  the  air,  and  the  strata  of  which 
are  separated  by  beds  of  sand  mixed  with  clay.  At  a  depth  of 
60  feet  and  beneath  the  eleventh  stratum,  the  bed  of  sand  is 
covered  with  shells ;  and  where  it  rests  on  the  twelfth  stratum 
were  found,  in  1786,  broken  columns  and  work  took,  the  wood 
of  which  was  converted  into  agate,  but  the  stone  remained 
unaltered. 
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16.    DILUVIUM. 

This  consists  of  a  thick  mantle  of  rocky  fragments,  and  water 
worn  pebbles,  or  sand  and  gravel,  that  in  many  places  cover  the 
whole  of  the  other  formations.  It  is  different  from  the  breccias 
and  pudding-stone  or  conglomerates  often  imbedded  in,  and 
sometimes  forming  undulations,  or  hills  upon  the  older  rocks ; 
and  the  distinction  is  of  the  most  unequivocal  kind,  resting 
chiefly  in  its  organic  remains.  These  remains  argue  an  sera 
long  posterior  to  that  of  the  latest  of  the  aboye  formations ;  and 
also  of  a  much  warmer  climate  than  the  present  temperate  zones, 
or  the  regions  in  which  they  are  found.  Among  them  the  bones 
of  the  mammoth  or  fossil  elephant  are  the  most  numerous,  the 
others  are  of  the  hippopotamus,  rhinoceros,  mastodon,  tapir, 
hyaBua,  tiger,  and  three  species  of  deer,  these  belong  to  species 
now  extinct,  also  to  genera  inhabiting  warm  climates.  Along 
with  them  are  found  the  bones  of  the  bear,  wolf,  fox,  weasel, 
horse,  ox,  hare,  rabbit,  water-rat,  mouse,  raven,  pigeon,  lark, 
and  a  species  of  duck  and  partridge. 

The  teeth,  tusks,  and  bones  of  elephants  of  prodigious  size 
have  been  found  in  the  diluvium  of  Uobin  Hood's  bay  near 
Whitby,  and  at  several  other  places  southward  on  the  York- 
shire coast,  and  in  the  interior  of  Norfolk,  Suffolk,  and  Essex. 
The  largest  deposit  is  at  Walton  near  Warwick,  mixed  with  the 
horns  of  the  elk  and  other  diluvial  animals.  They  are  found  in 
several  places  in  the  valley  of  the  Thames,  and  have  often  been 
dug  up  beneath  the  streets  of  London;  also  on  the  southern 
coast  of  Dorsetshire,  and  Gloucestershire,  and  in  the  valleys 
connected  with  the  Bristol  Channel.  They  have  been  met  with 
both  in  Scotland  and  Ireland.  They  are  almost  universally 
dispersed  over  the  continent.  In  the  valley  of  the  Amo,  near 
Florence,  parts  of  the  skeletons  of  at  least  a  hundred  hippopotami 
have  been  found  mixed  with  remains  of  the  rhinoceros,  and 
elephant,  together  with  those  of  the  horse,  ox,  deer,  hyaena, 
bear,  tiger,  wolf,  mastodon,  hog,  tapir,  and  beaver.  They  are 
from  animals  of  all  ages,  and  one  of  the  elephants  could  not 
have  been  above  a  week  old.  Between  the  mouths  of  the  Lena 
and  Indigerka,  rivers  of  Siberia,  are  three  islands  of  considera- 
ble extent,  principally  of  dihivium,  wherein  these  remains 
abound.  The  coast  of  Dalmatia  is  chiefly  foroMd  of  them  with 
the  other  diluvia.    Remains  of  the  crocodile  and  tortoise,  u 
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well  as  fossil  fish  and  plants  of  tropical  origin  are  found  dia* 
persed  over  all  the  colder  regions  of  the  earth.  In  some  parts 
of  Siberia  the  fossil  ivory  forms  a  considerable  article  of  com- 
merce. 

These,  and  other  circumstances,  prove  that  the  conntries 
where  they  are  found,  and  that  is  wherever  the  science  of 
geology  has  penetrated,  have  been  overflowed  by,  or  suddenly 
submerged  beneath  the  ocean.  The  phenomena  rather  favour 
a  quiet  submersion  than  otherwise ;-  -since  the  bones  have  no 
appearance  of  being  water- worn,  and  their  having  been  found 
ip  antediluvian  caves,  proves  that  the  animals  inhabited  those 
regions ;  and  consequently,  that  the  bones  were  not  floated  by 
the  sea  from  distant  regions  of  the  earth.  The  most  remarkable 
of  these  caves  is  that  of  Kirkdale  mentioned  at  page  462,  and 
all  the  bones  of  the  above  list,  except  those  of  the  tapir  and 
mastodon,  were  found  in  it.  The  circumstances  of  this  cave, 
examined  by  Professor  Buckland,  incontestably  prove  it  to 
have  been  a  hysena's  den,  previously  to  the  flood  in  question. 

Now  there  are  two  or  three  circumstances  which  seem  to 
identify  this  great  revolution  of  the  earth's  surface  with  our 
theory :  viz.  the  universality  of  the  organic  remains,  and  the 
evident  change  in  the  earth's  temperature.  '*  Even  Iceland  con- 
tributes its  share,  and  has  furnished  the  jaw,  the  cfanium,  and 
a  tooth  of  the  fossil  elephant.  In  the  Mediterranean,  they  are 
found  not  only  in  the  greater  islands,  such  as  Sicily  and  Cyprus, 
but  in  the  smaller,  ^uch  as  Santorini  and  even  Cerigo;  in  which 
last  an  elephant  could  hardly  find  food  for  a  single  week.  These 
places,  therefore,  when  they  were  inhabited  by  such  large 
animals  as  the  elephant,  or  the  rhinoceros,  must  have  made 
part  of  a  great  wooded  continent,  in  which  Iceland  and  Cerigo 
were  included."  The  fresh  water  formations  of  Malta,  as  well 
as  those  of  the  Isle  of  Wight  and  Paris  basins;  and  the  bones 
on  the  coast  of  Dalmatia  and  in  the  rock  of  Gibraltar  are  all 
farther  proofs  of  a  great  continent.  Now  suppose  this  diruption 
of  the  great  continent  was  the  result  of  a  general  concentration 
of  the  earth's  mais,  however  caused,  whether  by  the  approach 
of  a  comet  or  by  any  other  means,  it  wpuld  occasion  a  great 
revolution  with  respect  to  changing  the  bed  of  the  ocean; — ^for 
that  part  of  the  land  which  had  the  least  of  the  secondary  for- 
mations upon  it,  or  had  ohtained  the  least  matter  by  former 
subsidences,  would  fall  the  lowest,  and  consequently  would 
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drain  the  water  from  other  parts.  Bat  while  this  concentratioii 
was  going  on,  there  would  be  a  great  emission  of  caloric,  which 
perhaps  might  raise  the  temperature  of  the  ocean  to  near  the 
boiling  point ;  but  the  earth  thus  losing  so  much  heat,  would  for 
ever  present  a  less  temperature  at  the  surface ;  hence  the  organic 
remains  indicate  a  warmer  climate  than  we  now  experience. 
The  subsidence  of  the  continents  and  the  temporary  increase  of 
the  temperature  may  perhaps  have  been  instrumental  in  efiect- 
ing  this  Universal  Deluge ;  but  after  all,  our  theory  is  not 
required  to  explain  by  natural  means,  what  we  believe  to  have 
beeneffectedby  a/iecultartfifei/ereiiceof  Divine  Power. 
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Meteorology. 


1.  Atmospheric  Electricitt.  2.  The  Aurora  Borralis.  3.  Earthquakes. 
4.  Hurricanes.  5.  Whirlwinds,  Water  Spouts,  and  Pillars  of  Sand. 
6.  Lightning.  7.  Meteors  or  Fire  Balls  and  Aerolites.  8.  The 
Precipitation  of  Vapour  or  Rain,  9.  Hail.  10.  Snow.  11.  Wind 
12.  Atmospheric  Temperature. 


1.   ATMOSPHERIC  ELECTRICITY. 

Evaporation  always  excites  electricity,  as  when  a  barning 
coal  is  thrown  into  a  vessel  of  water, — the  vapour  is  positive 
and  the  remaining  water  and  vessel  are  negative.  Under  the 
torrid  zone,  where  the  falls  of  rain  are  great,  and  the  evapora- 
tion is  according  to  the  heat,  the  atmosphere  is  highly  charged 
positive,  and  the  earth  as  highly  negative.  Indeed,  all  the 
earth's  surface  is  more  or  less  negative,  either  by  immediate 
evaporation,  or  by  induction,  that  is,  by  the  positive  fluid  ofthe 
warmer  regions  passing  along  the  atmosphere  towards  the 
colder  regions,  as  from  the  torrid  zone  to  the  frigid  zones. 
And  this  terrestrial  charge  is  always  strongest  in  elevated  situ- 
ations, as  on  the  top  of  St  Paul's,  and  on  the  summits  of  hills 
and  mountains;  and  its  intensity  varies  with  the  weather. 
Hence  on  the  Alps  and  sometimes  on  less  elevated  hills,  when 
the  weather  will  be  fine,  the  fleecy  clouds,  in  the  morning,  are 
seen  gliding  slowly  and  peaceably  along  the  ridges;  but  imme- 
diately preceding  rain  or  stormy  weather  (being  disturbed  by 
the  electricity  then  abounding  in  the  mountain,)  their  motion  is 
▼ery  irregular;  and  they  are  frequently  seien,  especially  before 
hail  storms,  dancing  or  rebounding  with  great  rapidity. 
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The  part  of  the  atmosphere  immediatelj  upon  the  earth's 
surface  is  sometimes  negative,  and  sometimes  positive ;  bat  the 
upper  regions  are  supposed  to  be  always  positive.  Saussure 
found  the  air  positive,  though  weakly  so,  upon  Mont  Blanc. 
When  the  French  mathematicians,  that  went  to  measure  an  arc 
of  the  meridian  under  the  equator,  were  upon  a  high  ridge  of 
the  Andes,  they  frequently  saw  highly  charged  positive  clouds 
descend  from  more  elevated  regions.  These  clouds  often  en- 
veloped them,  bpt  sometimes  they  descended  to  a  stratum  of 
clouds  about  half  way  down  the  mountain  ;  and  when  these  two 
sets  of  clouds  cani%  in  contact,  they  produced  thunder  and 
lightning,  with  all  the  terrific  phenomena  of  the  most  violent 
storms. 

Instruments  called  aerial  electrometers,  are  used  to  ascertain 
the  quantity  and  quality  of  the  atmospheric  electricity.  They 
consist  of  a  metallic  rod,  somewhat  in  the  shape  of  a  fishing-rod 
elevated  perpendicularly  in  the  air.  They  are  insulated,  but 
communicate  with  a  proper  electro -apparatus  at  the  bottom, 
where  the  observations  are  made.  On  some  occasions,  when 
the  wind  is  favourable,  a  common  school-boy's  kite  is  used : — 
a  wire  thread  being  twisted  into  the  string,  which  answers  the 
same  purpose  as  the  metallic  rod.  No  great  danger  attends  the 
use  of  either  of  them,  unless  when  thunder  clouds  prevail,  on 
which  occasions  fatal  accidents  have  happened  with  the  use 
of  both. 

From  these,  it  has  been  found,  that  in  cold,  dry,  and  serene 
or  frosty  weather,  the  atmospheric  electricity,  at  least  near  the 
earth,  is  negative.  When  dark  or  wet  weather  clears  up,  it  is 
negative.  But  in  warm,  fresh  weather,  whether  dry  or  moist, 
it  is  positive :  a  low  thick  fog  rising  into  dry  air  is  generally 
highly  positive.  In  the  morning,  when  the  hygrometer  indi- 
cates dryness  equal  to  the  preceding  day,  positive  electricity 
obtains  before  sun  rise ;  it  increases  with  the  ascending  sun, 
especially  if  the  dryness  increases,  and  through  the  middle  of 
the  day  is  proportionate  to  the  heat.  It  diminishes  towards 
evening,  but  for  the  most  part,  when  there  is  a  clear  sky,  and 
little  wind,  a  considerable  electricity  rises  at  dew-fall ;  how- 
ever, through  the  night  it  is  mostly  negative.  Some  clouds  are 
positive,  and  some  are  negative :  and  in  stormy  weather  when 
the  clouds  are  seen  rolling  over  each  other,  the  electrometer 
sometimes  indicates  a  change  of  the  fluids  so  rapidly,  that  the 
observer  hardly  has  sufficient  time  to  note  them  down. 
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The  above  excitation  of  the  electric  fluids  is  the  result  of  the 
solar  heat.  But  as  we  have  already  shewn  that  the  earth  con- 
tains a  heated"  nucleus,  and  that  its  heat,  occasioned  by  subsi- 
dences, often  approaches  nearer  its  surface  in  some  places,  as 
in  volcanic  regions  or  on  primitive  mountains,  than  in  others  ; 
so  we  have  here  electric  charges  of  much  greater  intensity : — 
hence, in  some  cases,  it  is  difficult  to  determine  whether  an  earth- 
quake and  its  accompanying  electro-phenomena  were  caused  by 
a  subsidence  ;  or,  that  electric  charges  merely  collected  from  the 
excitation  of  the  solar  heat,  occasioned  the  earthquake,  and 
those  partial  subsidences  or  fissures  in  the  strata  which  they 
often  produce.  However  this  may  be,  we  consider  these 
charges  and  discharges  of  the  electric  fluids  as  the  cause  of  the 
various  phenomena  treated  of  in  this  chapter. 

2.    AURORA  BOREALIS. 

The  aurora  barealit,  streamers,  or  northern  lights,  are  those 
beautiful  and  sublime,  though  sometimes  terrific  lights  that  are 
occasionally  seen  in  diflerent  parts  of  the  world,  but  especially 
in  the  north  west,  or  in  that  part  of  the  earth,  wherein  we  sup- 
pose the  magnetic  pole  to  be  situated,  and  with  the  position  of 
which  they  seem  to  be  somehow  or  other  connected.  They 
are  very  frequently  seen  in  Scotland  and  in  the  Shetland  Isles, 
where  they  are  called  the  Merry  Dancers.  They  are  the  con- 
stant attendants  of  clear  evenings,  commonly  appearing  at  twi- 
light near  the  horizon  of  a  dun  colour  approaching  to  j  ellow, 
imd  frequently  seem  motionless  for  some  hours.  On  some 
occasions  they  assume  the  appearance  of  vast  columns,  on  one 
side  of  the  deepest  yellow,  and  on  the  other,  declining  away  till 
it  is  indistinguishable  from  the  sky.  They  partly  appear  as  if 
curtains  of  a  russet  colour  were  tightly  stretched  perpendicu- 
larly, but  horizontally  so  loose  as  to  be  in  folds ;  and  behind 
these  are  the  yellow  brilliant  lights,  moving  along  the  whole 
hemisphere  more  rapidly  than  the  eye  can  follow.  Sometimes 
they  form  beautiful  prismatic  columns,  vertically  arranged ;  at 
other  times,  they  form  arches,  circles,  ellipses  or  coronas ;  and 
they  often  have  the  appearance  of  flaming  spear  points  darting 
upwards,  hence  they  have  been  compared  to  fiery  warriors 
rushing  to  battle. 

But  they  only  appear  thus  when  viewed  at  a  distance ;  in  the 
northern  regions,  where  they  are  vertical,  they  are  seen  to  per- 
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fectioD.  "  They  begin,**  says  an  author  who  witnessed  them  in 
Lapland  and  Siberia,  **  with  single  bright  pillars  rising  in  the 
north  and  almost  at  the  same  time  in  the  north  east,  which  gra- 
dnally  increasing  comprehend  a  large  space  of  the  heavens ; 
rush  about  from  place  to  place  with  incredible  Telocity,  and 
finally  cover  the  whole  sky  up  to  the  vertex.  The  streams  are 
then  seen  meeting  together  in  the  zenith,  and  producing  an 
appearance  as  if  a  vast  tent  was  expanded  in  the  heavens  glit- 
tering with  gold,  rubies,  and  sapphire.  A  more  beantiiiil 
picture  cannot  be  painted.  But  whoever  should  see  such  a 
northern  light  for  the  first  time,  could  not  behold  it  without 
terror.  For  however  fine  the  illumination  may  be,  it  is  attended 
with  such  a  hissing,  cracking,  and  rushing  noise  throughout 
the  air  as  if  the  largest  fireworks  were  playing  off.  The  hunters 
are  often  overtaken  in  their  course  by  these  northern  lights,  or 
as  they  call  them  Raging  Host,  Their  dogs  then  are  so  much 
frightened,  that  they  will  not  move,  but  lie  obstinately  on  the 
ground  till  the  noise  is  passed.** 

The  altitude  of  the  northern  lights  is  variously  stated.  Some 
have  affirmed  it  to  be  between  8  and  900  miles.  Bergman,  from 
30  observations,  deduced  a  mean  of  469  miles ;  and  Euler  makes 
it  thousands,  so  that  it  seems  they  extend  to  the  very  limits  of 
the  atmosphere.  And  according  to  the  account  of  CapL 
Franklin's  expedition  in  the  Artie  regions  of  North  America, 
they  were  generally,  as  low  as  within  6  or  7  miles  of  the  earth's 
surface;  and  on  one  occasion,  they  were  within  two  or  three 
feet  of  the  ground.  Their  proper  region  seems  to  be  that 
which  we  have  assigned  to  the  cirro-modification  of  clouds. 
This  region  is  considered  as  that  of  fire-balls,  and  the  aurora 
has  sometimes  been  known  to  unite  and  form  a  number  of  them. 

The  mariner's  compass  is  greatly  affected  by  the  aurora- 
borealis,  so  that  the  needle  is  in  continual  agitation,  and  plays 
backwards  and  forwards,  throngh  an  arc  of  3,  4,  or  5  degrees. 
According  to  Capt.  Franklin,  who,  when  he  made  the  observa- 
tion was  near  the  place  which  is  assigned  to  the  north  magnetic 
pole,  it  is  the  most  common  between  the  64th  parallel  of  north 
latitude  and  the  arctic  circle.  From  this  it  is  evident,  that  the 
aurora  has  some  connection  with  magnetism :  probably  it  may 
be  as  follows.  Wherever  a  charge  of  the  one  electric  fluid  is 
present,  a  corresponding  charge  of  the  other  is  sure  to  be  in  the 
nearest  conducting  surface.  Now  as  we  have  shewn  that  the 
excitation  of  electricity  in  the  torrid  zone  is  much  greater  than 
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in  the  other  zones,  and  have  also  supposed  that  the  positive  (laid 
passes  along  the  upper  regions  of  the  atmosphere  from  the  tor- 
rid to  the  frigid  zones ;  consequently  a  corresponding  charge  of 
the  negative  fluid  will  also  pass  along  the  earth  or  lowest  region 
of  the  air, — may  we  not,  therefore,  consider  such  two  charges  as 
bearing  some  resemblance  to  a  magnetic  molecule  ?  and  if  so, 
it  may  perhaps  be  hereafter  shewn,  from  some  of  the  many  ex- 
periments now  going  forward  in  Electro-magnetism,  that  such 
charges,  especially  if  the  positive  be  in  a  small  cloud,  are  under 
some  magnetic  influence  of  the  earth ;  and  that  their  transmis- 
sion norUiwards  is  a  mere  tendency  to  arrange  themselves  at 
the  magnetic  pole,  where,  by  a  concentration  as  it  were  at  a 
nucleus,  the  fluids  are  discharged  and  produce  the  aurora. 

That  these  lights  are  occasioned  by  charges  of  the  electric 
fluids,  escaping  through  the  air  in  irregular  streams  and  not 
shocks  such  as  produce  earthquakes  or  thunder  and  lightning, 
is  evident  from  their  preceding  earthquakes,  and  their  being 
exhibited  in  the  atmosphere  directly  over  where  the  earthquake 
is  about  to  take  place.  An  instance  will  be  mentioned  in  the 
following  section.  And  a  peculiar  one  of  this  nature  is  related 
by  Mr.  Fisher  in  his  account  of  Capt.  Parry's  first  northern 
expedition.  The  latitude  of  the  observer  was  somewhere  about 
74  N.  and  110  W.  Long.  "  Nov.  17.  between  3  and  4  o'clock 
P.M.  a  remarkable  cloud  was  observed  S.  W.  centre  S.  W.  by  S. 
It  diverged  from  a  centre  at  the  horizon,  in  straight  lines  or 
columns  which  extended  to  a  great  distance  over  the  surface  of 
the  sky ;  the  lowest  edge  on  each  side  was  very  straight  and 
well  defined,  and  formed  an  angle  of  about  40  degrees  with  the 
horizon.  Directly  over  its  centre,  instead  of  straight  lines,  it 
had  more  the  appearance  of  an  immense  volume  of  smoke  than 
any  thing  else.  The  whole  was  compared  by  our  gunner  to  a 
powder  magazine  in  a  state  of  explosion,  which,  those  who  had 
had  an  opportunity  of  seeing  such  a  sight,  thought  a  very  apt 
comparison.  For  the  reflected  rays  of  the  sun,  which  illumi- 
nated that  part  of  the  sky  beyond  the  cloud,  gave  it  very  much 
the  appearance  of  an  immense  explosion.  It  is  possible  (says 
he)  that  this  remarkable  cloud  had  some  connection  with  the 
aurora  borealis ;  for  after .  it  had  vanished,  which  took  place 
about  6  o'clock,  that  phenomenon  was  seen  in  the  same  part  of 
the  heavens  which  the  cloud  had  occupied.  It  made  its  appear- 
ance indeed  before  the  cloud  disappeared  entirely,  but  not  be- 


Digitized  by  VjOOQIC 


488  METEOROLOGY. 

fore  it  had  lost  its  radiated  form,  and  dispersed  so  maoh  that 
nothing  could  be  seen  aboat  it." 

This  cloud  with  other  nearly  similar  instances  on  record,  is 
much  in  favour  of  our  hypothesis,  viz.  that  the  aurora  is  caused 
by  the  negative  fluid  bursting  from  the  earth,  charging  the 
lower  regions  of  the  air,  and  joining  the  positive  in  the  upper. 
The  earth  on  account  of  its  density,  contains  its  charge  in  a 
much  less  space  than  that  in  which  the  opposite  charge  is  con- 
tained in  the  air.  And  as  cold,  dry,  and  dense  air  is  so  bad  a 
conductor  that  electricity  can  only  force  its  way  through  it  in 
shocks  or  pulsations;  so,  being  mustered  to  a  point  in  the  earth's 
surface,  it  darts  up  through  the  lower  regions  of  the  air,  exhi- 
biting the  appearance  of  fiery  spear  points.  But  as  the  eorres- 
ponding  definite  proportion  of  the  positive  fluid  is  dispersed 
perhaps  over  an  area  of  thousands  of  miles  in  the  ethereal  regions, 
while  the  negative  occasionally  escapes  as  it  were  by  a  mere 
orifice,  and  the  extreme  tenuity  of  the  air  (though  in  this  case  a 
conductor)  prevents  the  positive  from  forming  a  shock,  there- 
fore, it  must  slowly  combine  with  the  negatiye,  and  the 
streamers  will  diverge  from  this  central  orifice  at  the  earth's 
surface  towards  the  extensively  charged  surface  in  the  ethereal 
regions.  What  seemed  to  be  a  volume  of  smoke  was  probably 
nothing  more  than  the  vapour  contained  in  the  air  eoUeeted  and 
condensed  into  a  cloud,  with  the  peculiar  form  and  motion  of  a 
water  spout,  which  being  viewed  at  a  distance,  may  be  easQy 
conceived  to  have  the  appearance  which  he  describes.  Moist 
air  is  a  conductor  of  electricity,  consequently,  while  this  Tapour 
of  the  cloud  was  in  contact  with  the  earth,  it  perhaps  conducted 
tbe  positive  electric  fluid  to  the  earth — but  as  soon  as  it  was 
dispersed  the  aurora  or  aerial  combination  commenced.  The 
arched  and  elliptical  appearance  which  the  aurora  often  assumes, 
is  the  mere  result  of  our  viewing  it  in  profile; — the  above 
might  be  in  reality  circular  in  the  regions  of  the  air,  when  a 
distant  profile  view  would  cause  it  to  appear  elliptical,  while  a 
stream  across  the  heavens,  as  is  the  case  with  streams  of 
vapour  or  clouds,  would  give  it  an  arched-like  appeacanee. 
(See  sec.  6.) 

The  autumn  is  the  season  in  which  these  lights  are  the  iBOSt 
frequently  seen,  when  the  earth  is  covered  with  snow;  Iwt 
more  especially  when  an  intense  frost  is  succeeded  by  a  .thaw. 
Snow  is  a  much  worse  conductor  than  either  air  or  w^ter^  aad 
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therefore  by  Ike  siunr  the  eleetrio  fluid  is  pent  up  in  the  earth. 
That  they  should  be  the  most  frequent  in  autumn  haa  nothing 
singular  in  it,  since  hurricanes  generally  happen  where  the  sun 
has  receded  about  a  month,  from  the  zenith  of  that  place.  And 
as  earthquakes  and  thunder  and  lightning  are  the  most  severe 
at  the  sea  shore,  or  onthe  summits  of  mountains,  may  we  notsup- 
pose  that  Mr.  Fisher's  cloud  had  its  centre  of  divergence  either 
at  some  sea  shore,  or  on  the  summit  of  some  mountain,  while 
the  land  or  plain  was  fast  sealed  up  with  snow  ?  As  to  the 
aurora  appearing  after  a  thaw,  it  is  the  junction  of  the  two 
floids  that  causes  the  thaw ;  and  then  the  vapour  increases  the 
conducting  power  of  the  air,  so  that  the  negative  fluid  charges 
the  lower  regions  of  the  atmosphere,  and  darts  up  towards  the 
positive  in  the  ethereal  regions,  producing  what  we  call  the 
Mireamerg.  Dry,  cold,  and  dense  air,  says  Walker,  is  a  non- 
eonductor  of  electricity;  while  moist,  or  rarefied  air,  as  by  an 
air-pump,  is  a  conductor. 

The  Aurora  AmtraiU,  or  Southern  Lights  have  been  seen, 
but  the  observations  are  too  few  for  us  to  draw  any  inference, 
whether  they  are  connected  with  the  south  magnetic  pole,  or 
whether  they  were  all,  as  some  of  them  undoubtedly  were, 
mere  vokanic  discharges  connected  with  earthquakes  and  hu- 
vioanes. 

An  artificial  representation  of  the  aurora  borealis  is  founded 
on  the  extreme  tenuity  of  air.  When  an  exhausted  glass  tube 
is  positively  electrified,  flashes  of  light  vibrate  in  it  exactly  in 
the  manner  of  the  streamers.  If  the  tube  is  quite  exhausted, 
the  light  is  a  bright  yellow  or  white  ;  but  if  a  little  air  is  ad- 
mitted^ it  becomes  a  purple.  When  the  tube  is  quite  dry,  it 
will  continue  at  intervals  to  emit  faint  flashes  for  twenty-four 
hours.  Hence  it  b,  that  when  we  view  the  northern-lights  at 
a  distance,  we  see  only  that  part  in  thin  air,  of  a  bright  white 
or  yellow  colour;  while  those  who*  have  them  vertical,  aOid 
eonsequently  view  the  part  in  dense  air,  describe  them  as  occa^ 
flionally  assuming  the  ruby  and  sapphire  hue. 

3.      £ARTHQUAKI«# 

TttOUOH  all  the  phenomena;  e€  thia  chapter  are  neartf  relatedf 
to  each  ether,,  yet  earthquakea  lukve  this  peettliArlty,  tbs.  the 
union  of  the  two  electric  fluids,  wbkh  preducei^  Ihtf  eont^rssion 
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denominated  Earthquake,  takes  place  in  the  eartb,  while  in  aH 
other  instances,  it  is  in  the  atmosphere. 

As  earthquakes  are  the  most  violent  paroxysms  ofnatare,the 
prognostics  are  in  proportion,  and  are  therefore  the  most  ap- 
palling. They  generally,  though  not  always  immediately, 
succeed  a  long  drought  with  very  cold  weather.  Immediately 
before  the  calamity,  the  air  exhibits  all  the  electric  phenomena, 
such  as  falling  stars,  and  the  aurora.  The  sun  is  obscured, 
while  no  cloud  is  visible;  the  moon  and  stars  are  dim,  with 
burs  around  them  ;  whirlwinds  and  strangely  sudden  gusts  are 
frequent,  though  in  general  an  awful  stillness  of  the  air  pre- 
vails. Some  people  are  most  acutely  sensible  of  the  approach 
of  the  shock,  being  seized  with  giddiness,  faintings,  shortness 
of  breath,  and  all  the  symptoms  which  accompany  a  high 
charge  from  an  electric  battery.  In  others,  it  produces  acute 
rheumatic  pains,  and  a  long  train  of  nervous  disorders;  and 
with  the  shock,  some  are  struck  dead.  Animals  are  still  more 
sensible  of  its  approach  than  man ;  and  are  almost  terrified  to 
death.  Before  the  earthquake  of  Messena,  orders  were  issued 
for  putting  all  the  dogs  to  death,  so  dismal  were  their  bowlings. 
As  the  discharge  is  principally  from  wells,  ponds,  and  rivers, 
so  geese  seem  the  most  sensible  of  all;  and  should  they  be  in 
the  water  during  the  shock,  they  immediately  fly  from  it,  nor 
can  they  by  any  means  be  forced  back  again. 

With  the  shock,  the  water  is  often  precipitated  from  the 
bottom  of  the  wells,  or  from  the  turbid  fountains  are  emitted 
dreadful  stenches.  The  sea  lifts  its  waves  with  awful  roarings, 
sometimes  in  mountainous  billows,  and  at  other  times  in  cone- 
like water  spouts  or  boilings  up.  The  earth  is  often  seen  rising 
up  in  conical  hillocks,  or  dimples  are  made  in  it  like  hollow 
cones  reversed ;  and  wherever  it  opens,  it  emits  flames  and  sul- 
phuretted blasts.  In  the  mean  time  noises  are  heard  under- 
ground, sometimes  like  the  rattling  of  chariots,  which  occasi- 
onally increase  till  they  resemble  the  firing  of  cannon.  In  the 
air  the  noise  is  like  the  rushing  of  mighty  winds,  with  peals  of 
thunder,  and  the  zenith  shortly  assumes  a  dullish  colour,  having 
the  appearance  of  the  inside  of  a  red  hot  oven. 

At  the  commencement  of  the  earthquake,  which  sunk  Port 
Royal,  Jamaica,  in  the  year  1692,  the  streets  rose  up  in  undn- 
lations  like  the  waves  of  the  sea;  at  the  same  time  exhibiting 
the  most  frightful  chasms,  which  swallowed  up  houses  and  their 
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inhabitants,  and  in  the  space  of  about  two  minutes  engulphed 
them  forty  fathoms  deep.  Although  the  sinking  of  Port  Royal 
ga?e  name  to  the  earthquake,  yet  more  houses  were  left  stand* 
ing  in  it  than  in  all  the  rest  of  the  island.  The  greatest  concus- 
sions were  among  the  mountains,  so  that  the  people  imagined 
the  cause  lay  among  them.  Shocks  continued  for  two  months, 
sometimes  two  or  three  a  day,  with  openings  of  the  earth  that 
emitted  vast  quantities  of  sulphurous  acid  gas.  And,  though 
the  people  who  had  escaped  the  first  calamity  resided  princi- 
pally in  boats  on  the  sea  during  that  period;  yet,  so  great  was  the 
mortality  caused  by  the  vitiated  air,  and  electrified  surface  of 
the  earth,  that  three  thousand  people  were  swept  away  by  sick- 
ness. The  great  earthquake  of  Sicily  happened  in  the  following 
year,  and  is  accounted  one  of  the  most  terrible  known.  By  it, 
fifty-four  cities,  including  Catania,  with  an  incredible  number 
of  villages,  were  either  overthrown  or  damaged.  In  Catania, 
out  of  18,900  people,  only  900  remained. 

In  1749  there  was  an  earthquake  in  London  extending  ever 
a  circuit  of  30  miles  diameter,  but  no  eruption  of  any  kind. 
This  was  succeeded  by  a  more  dreadful  one  in  the  following 
year.  Before  this  latter,  the  weather  had  been  for  five  or  six 
months  uncommonly  warm;  the  wind  S.  and  S.W.,  without 
rain,  but  vegetation  was  very  rapid.  Fire  balls  were  seen  to 
issue  from  the  earth,  and  meteors  to  play  about  in  the  air;  the 
aurora  had  been  very  common,  and  had  been  twice  seen  in  un- 
usual colours  even  to  the  south  of  London,  so  that  the  Italians 
foretold  an  earthquake.  At  length  a  black  cloud  coming  over 
London,  and  beginning  there  to  be  precipitated  in  rain,  the 
moist  air  formed  the  electric  circuit,  and  the  shock  ensued. 

The  above  earthquake  extended  to  Portugal,  where  three  or 
four  shocks  were  perceived  the  same  day ;  and  the  four  suc- 
ceeding years  were  one  continued  drought,  so  that  the  most 
profuse  springs  in  that  country  were  dried  up.  N.  and  N.E. 
winds  generaUy  prevailed,  attended  with  slight  tremours  of  the 
earth.  The  summer  of  1755  proved  very  wet  and  cold;  in  the 
forty  days  immediately  preceding  the  following  awful  event, 
**  The  Earthquake  of  Lisbon,''  the  air  was  principally  free  from 
clouds,  but  not  very  clear.  The  day  before  the  calamity,  the 
sun  was  obscured  by  a  remarkable  gloomines.  Early  next 
morning,  Nov.  1st,  a  fog  arose,  but  was  soon  dissipated  by  the 
sun.  The  sea  was  calm,  no  wind,  and  the  weather  a  good  deal 
warmer  than  usual.    At  Lisbon,  35  minutes  past  nine  o'clock 
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A.M,  «ritlio«t  any  warning,  except  a  noise  similar  to  the  arti- 
fieial  thunder  in  the  theatres,  a  perpendicular  shock  was  felt* 
which  was,  with  little  or  no  sensible  intermission,  succeeded 
by  motions  from  east  to  west.  They  continued  about  six  mi- 
nutes, and  buried  nearly  all  the  inhabitants  of  Lisbon  beneath 
the  ruins  of  their  houses.  Another  shock  was  felt  about  noon, 
which  completed  the  catastrophe. 

Though  Lisbon  suffered  the  most  and  gave  name  to  the  earth- 
quake, yet  the  concussion  seems  to  have  been  the  most  tremen- 
dous in  the  mountains  of  Portugal,  whence  issued  flames.  Nor 
was  its  effects  confined  to  that  country,  for  they  extended  over 
a  circuit  of  the  earth's  surface  including  an  area  of  not  less  than 
four  million  square  miles.  They  reached,  eastward,  as  far  as 
Switzerland,  Italy,  Tunis,  and  Tripoli,  in  Africa;  at  Arnlla,  a 
town  in  Fez,  a  sldp  was  lifted  up  and  broken  on  the  sands,  and 
a  boat  was  cast  from  the  sea  to  thcMlistance  of  two  musket  shots 
inland.  All  the  north-west  coast  of  Africa  suffered.  There 
were  no  means  of  tracing  this  earthquake  further  south  than  the 
Madeira  isles,  where,  at  Funchal,  simultaneously  with  the  first 
shock  at  Lisbon,  the  sea  rose  with  the  half  ebb  tide  15  feet 
above  high  water  mark.  Similar  risings  in  other  places  were 
observed,  and  at  Lisbon  a  wave  rose  as  high  as  50  feet  In 
difibrent  parts  of  tiie  Atlantic,  where  ships  happened  to  be, 
they  seemed  as  if  struck  upon  a  rock;  and  in  several  places  the 
bottom  of  the  sea  rose  up  like  an  island,  emitted  flames,  and  then 
sunk.  It  extended  as  far  westward  as  Barbadoes  and  Antigua; 
and  northward  to  England,  Ireland,  Scotland,  Norway,  Swe- 
den, Germany,  and  Holland ;  and  thence  again  to  the  moun- 
tains in  Switzerland.  In  England  it  principally  ran*along  the 
western  parts  of  the  island ;  but  in  all  places  seemed  to  keep 
itself  chiefly  to  the  hills,  sea-shores  and  waters.  And  although 
a  shock  and  tremour  were  felt  all  over  both  Great  Britain  and 
Ireland,  the  chief  effect  was  produced  in  the  wells  and  ponds, 
from  some  of  which  the  water  was  thrown  out  in  one  sheet ; 
and  in  others,  it  became  turbid  and  possessed  of  a  sulphurous 
stench. 

The  earthquake  that  occurred  in  Italy,  1783,  continued  from 
the  5th  of  February  to  the  first  of  March :  all  which  time  the 
sky  appeared  in  flames,  so  that  the  people  imagined  the  day  of 
Judgment  was  come.  The  earth  had  ahnost  continual  Cremoun 
and  whirling-like  motions.  Before  a  shock  the  clouds  were 
still,  then  came  a  shower  of  rain,  and  immediately  after,  Ae 
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shock  ensued.    The  year  preceding  this  earthquake  had  been 
remarkable  for  the  cold  that  prevailed  all  over  Europe. 

Earthquakes  seem  principally  confined  to  near  the  earth's 
surface,  though  that  of  1765  was  more  severely  felt  in  the  mines 
of  Derbyshire  at  132  yards  below  the  surface,  than  upon  it ;  and 
at  Lisbon,  a  quay,  upon  which  stood  a  multitude  of  people,  sunk 
to  an  (unfathomable  depth,  nor  was  ever  one  of  their  dead 
bodies  found.  However  their  seat  seems  to  be  in  the  earth's 
external  shell.  And  they  are  likewise  chiefly  confined  to  par- 
ticular regions,  so  that  where  they  have  once  been,  there  they 
the  most  frequently  occur.  Volcanic  regions  are  identical  with 
those  of  earUiquakes,  and  during  an  eruption  continual  tremours 
of  the  earth  are  always  felt;  but  indeed  all  the  volcanoes  of  the 
neighbourhood  always  pour  forth  a  most  tremendous  eruption 
along  with  each  shock.  Near  the  foot  of  the  highest  Andes 
earthquakes  are  of  almost  daily  occurrence,  and  for  that  reason 
the  houses  are  in  some  districts  built  entirely  of  wicker. 

That  earthquakes  are  the  shocks  occasioned  by  vast  dis- 
charges of  the  electric  fluids,  cannot  be  doubted ;  and  it  is 
equally  evident  that  one  charge,  the  negative,  is  contained  in 
the  earth,  and  the  other,  or  positive,  in  the  atmosphere; — bat 
it  is  not  so  evident  whence  arise  these  immediate  charges. 
Earthquakes  are  generally  preceded,  though  not  always  imme- 
diately, by  a  long  season  of  cold  weather.  Atmospheric 
warmth,  or  what  we  caU  fine,  warm,  fresh  breeaes,  are  ooca- 
sioned  by  the  posiUro  fluid  of  the  atmosphere  coming  in  contact 
with  the  earth's  surface,  perhaps  attracted  by  the  negative 
fluid  therein  contained,  which  is  thus  liberated  and  combined 
with  the  positire.  But  in  cold  weather,  when  piercing  cold 
winds  prevail,  the  positive  fluid  never  descends  below  the  more 
elevated  regions  of  the  atmosphere.  By  a  long  continuance  of 
such  weather,  may  those  immense  charges  be  accumulated, 
which  finally,  by  their  forcing  themselves  through  the  non-con- 
ducting medium  of  the  lower  regions  of  the  atmosphere, 
produce  the  earthquake.  On  these  occasions,  the  combi- 
nations of  the  two  electric  fluids  take  place  both  in  the 
earth's  shell  and  in  the  atmosphere,  the  former  producing 
the  shook  called  the  earthquake,  and  the  latter  the  accom- 
panying aerial  phenomena.  If  et  this,  morbid  state  of  the  earth's 
surface  and  the  lower  regions  of  the  atmosphere  seem  to  be 
somewhat  out  of  the  regular  course  of  nature,  or  to  prooeed 
from  some  hidden  cause.    The  earthquake  of  1756  was  plunly 
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connected  with  the  area  of  those  subsidences,  which  gave  birth 
to  the  Atlantic  Ocean  and  depressed  the  western  border  of  the 
great  geological  basin  of  Western  Europe  so  much  below  its 
eastern  border,  or  the  Alpine  level,  mentioned  in  various  parts 
of  the  preceding  chapter.  That  there  was  any  actual  subsidence 
in  this  area  during  this  earthquake,  is  not  evident  from  recorded 
facts,  though  the  sea  certainly  changed  its  bed  a  little  in  some 
places.  But  the  constant  occurrence  of  earthquakes  in  volca- 
nic regions  and  during  eruptions,  is  a  strong  proof,  that  they 
sometimes  proceed  from  charges  resulting  from  the  earth's  in- 
ternal heat :  at  the  same  time,  it  should  be  observed,  that  a  very 
small  movement  in  any  subsided  area,  as  in  the  bed  of  the 
Atlantic  ocean,  would  be  sufficient  to  resuscitate  the  internal 
heat  of  the  earth  and  produce  the  above  excitations  of  the  elec- 
tric fluids.  And  if  these  almost  imperceptibly  small  shrinkings 
of  the  terrestrial  mass,  produce  such  awful  electric  phenonaena, 
what  would  those  be  which  were  produced  by  those  sul^sidences 
that  took  place  when  our  primary  and  transition  mountains 
received  their  birth  amidst  this  strife  of  elements  I 

4.   HURRICANES. 

Earthquakes  and  hurricanes  are  so  nearly  allied  that  the 
latter  seldom  occur  without  some  shocks  of  the  former;  and 
earthquakes,  as  that  of  Sicily,  1783,  are  often  accompanied  by 
an  impetuous,  roaring  wind.  But  harricanes  are  almost  pecu- 
liar to  the  torrid  zone :  and  depend  more  particularly  on  the 
air  being  ia  such  a  state,  by  the  quantity  of  vapour  which  it 
contains,  as  to  hold  an  immense  charge  of  the  positive  fluid ;  so 
that  the  combination,  on  account  of  this  vapour  making  the  air 
a  conductor,  is  principally  in  the  atmosphere ;  while  in  earth- 
quakes, there  being  little  vapour  in  the  air  on  account  of  the 
cold  weather  which  generally  precedes  them,  the  combination 
is  chiefly  in  the  earth's  shell.  Hurricanes,  it  seems,  are  almost 
entirely  confined  to  islands  and  the  sea-coasts,  the  moist  shore, 
probably,  making  the  earth  a  conductor  so  as  to  form  the  circuit 
between  the  positive  in  the  air  and  the  negative  in  the  earth. 
They  are  also  very  frequent  on  the  summits  of  primitive  and 
volcanic  mountains,  but  such  places  not  being  inhabited,  thej 
are  little  attended  to.  The  prognostics  of  earthquakes  and  hur- 
ricanes are  nearly  the  same ;  the  principal  difference  seems  to 
be  in  the  length  of  time  that  those  prognostics  continae :  earth- 
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quakes  are  sometimes  years  in  brooding,  while  a  month  or  so  it 
seems  is  sufficient  to  mature  a  hurricane. 

Hurricanes  principally  occur  in  the  West  India  Islands,  bat 
are  not  unfrequent  on  all  coasts  within  the  tropics.  The  native 
Carribees  of  St.  Domingo,  and  St.  Vincent,  are  said  to  be  skil- 
ful in  foretelling  them.  Their  rule,  is,  that  they  take  place 
either  on  the  day  of  the  full  or  change,  or  at  the  quarters  of  the 
moon;  and  the  prognostics  are  a  number  of  phenomena  in  the 
preceding  quarters ;  viz.  a  troubled  sky  without  clouds,  a  uni- 
versal calm,  sun  red,  the  moon  and  stars  appear  larger  than 
usual,  and  with  burs  around  them.  Nearer  the  principal  dis- 
charge, noises  are  heard  in  hollows  and  cavities  of  the  earth. 
The  sea  has  a  stronger  smell  than  usual,  and  in  the  midst  of  a 
profound  calm,  boils  up  in  places,  or  immediately  rises  into 
mountains,  on  which  occasions  it  becomes  remarkably  clear. 
A  westerly  wind  blows  with  irregular  intermissions,  sometimes 
violently  for  the  space  of  an  hour  or  two,  when  all  is  quiet 
again. 

When  the  discharge  takes  place,  the  thunder  and  lightning 
are  terrific.  Tremours  of  the  earth  are  felt,  and  the  wind 
rushes  in  from  all  quarters,  with  the  noise  of  cannon,  levelling 
and  tearing  up  every  thing  before  it.  (See  Wind,  Sec.  11). 
The  sea  lifts  its  waves,  being  charged  with  the  negative  fluid,  to 
an  unusual  height ;  which,  being  further  propelled  by  the  wind, 
has  sometimes  swept  over  whole  islands.  Fields  of  sugar-canes 
are  torn  up  by  the  roots  and  scattered  through  the  air.  Houses, 
with  their  inhabitants,  are  swept  away  into  the  sea ;  or,  they 
are,  with  the  fragments  of  broken  and  uprooted  trees,  buried  in 
one  promiscuous  heap  of  rubbish,  or  floated  away  in  some  rapid 
river,  which  has  just  had  birth  from  the  rain  that  is  all  the  while 
pouring  down  in  floods. 

Tornadoes  are  hurricanes  on  a  smaller  scale,  and  are  often 
experienced  by  mariners  near  the  tropics.  The  prognostics  of 
rhe  air,  are  to  a  certain  degree  the  same.  On  some  occasions 
the  electric  fluids  may  be  seen  collecting  to  a  point  in  a  cloud, 
on  the  highest  pinnacle  of  a  clifi*,  or  on  the  mast  head.  This 
appearance  is  known  among  seamen  by  the  name  of  the  ox-eye  ; 
and  is  a  sure  prognostic  of  a  most  violent  storm.  When  the 
discharge  takes  place,  it  is  from  this  point.  If  it  is  in  the  air, 
a  most  dreadful  clap  of  thunder  is  heard ;  if  on  the  cliflT,  it  is 
rent  with  the  tremour  of  an  earthquake  ;  and  if,  as  is  frequently 
the  case,  in  common  thunder  storms,  the  discharge  is  from  the 
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mast,  it  is  shattered  to  pieces,  and  the  ship  is  set  on  fire.  Oa 
those  occasions  the  wind  rashes  in  from  all  points  of  the  com- 
pass; and  often  with  a  whirling  motion,  so  that  the  ship  is  sud- 
denly whirled  round.  Off  the  coast  of  Guinea  they  have 
sometimes  three  or  four  soch  storms  in  a  day,  preceded  by 
clear,  serene,  and  calm  air.  A  more  dreadful  kind  occasionally 
occur  in  the  East  Indies,  as  ofi*  Madras  or  Pulicat,  where  a 
branch  of  the  Ballagat  mountains  extends  towards  the  sea. 
They  are  also  frequent  on  the  shores  and  among  the  islands  in 
this  part  of  the  world ;  but  it  must  be  obserred  that  most  of 
these  islands  are  the  summits  of  primitive  mountains,  thus 
depressed  to  the  sea  level ;  and  some  of  them  are  volcanic. 

5.   WHIRLWINDS,  WATERSPOUTS,  AND  PILLARS  OF  8AMD. 

^Vhirlwinds  are  bodies  of  the  positive  fluid  reaching  from 
a  cloud  to  the  earth,  and  in  this  columnar  manner,  moving  along 
sometimes  with  great  rapidity;  and,  electrifying  the  air  with 
which  tbey  come  in  contact,  cause  it  to  ascend  with  the  utmost 
velocity,  so  that  the  surrounding  air  rushes  in  from  all  sides 
and  occasioDs  the  whirling  motion.  When  the  positive  fluid 
thus  stoops  down,  as  it  were,  from  the  clouds,  it  seams  to  do  it 
with  a  point;  or,  when  it  touches  the  earth,  it  resembles  a  cone 
or  speaking  trumpet,  standing  on  its  apex  and  having  its  base 
among  the  clouds.  And  as  it  is  the  nature  of  the  electric  ener- 
gies, when  sufficiently  condensed,  to  have  a  rotatory  motion  on 
the  central  point  of  attraction,  so  we  may  suppose  that  the  body 
of  electric  fluid  in  question,  may  have  a  whirling  motion,  which 
causes  the  gyration  of  the  substances  it  takes  up. 

Whirlwiods  geoeraliy  occur  in  calm,  droughty  weather. 
They  are  not  often  injurious  in  this  part  of  the  world,  but  near 
the  tropics  and  in  the  torrid  zone  they  are  frequcAtly  rery 
destructive.  A  kind  of  whirlwind,  distinguished  by  the  name 
of  Typho,  from  its  foUowing  the  course  of  rivers,  often  dees 
great  damage  in  the  warmer  climates.  One  instance,  which 
occured  June  1st  176I»  near  Charlestown,  South  Carolina,  may 
serve  to  shew  their  nature.  It  was  first  observed  by  land,  50 
miles  W.  by  S.  of  Charlestown.  It  destroyed  several 
as  it  passed  along ;  tore  up  trees  aiui  shrubs,  so  as  to  i 
avenues  through  the  woods  that  opposed  its  passage ;  and  took 
up  their  shattered  branches  in  its  column.  It  directed  its 
course  to  Ashley  river,  down  which  it  descended  with  great 
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▼elochy,  but  tomultnoiis  irregularity  of  motion,  having  the 
^pearance  of  a  column  of  smoke  or  vapour.  It  ploughed  the 
river  to  the  bottom  and  laid  its  channel  bare,  making  a  noise  all 
the  way  like  thunder.  At  this  place  the  diameter  of  its  base 
was  calculated  at  600  yards,  while  that  of  some  of  our  smaller 
whirlwinds  is  not  more  than  an  inch.  It  was  met  by  another  of 
the  same  kind  but  of  less  force,  that  came  down  Cooper  river, 
and  at  the  junction  of  the  rivers  the  typhon^i  united,  when  the 
air  became  more  violently  disturbed  and  to  a  much  greater  cir- 
cumference. The  clouds,  which  were  hastening  from  all 
quarters  to  join  it,  seemed  as  they  came  near  to  partake  of  the 
tame  whirling  motion.  After  this  it  came  upon  the  shipping 
in  the  river,  destroying  some  and  injuring  others.  It  passed 
about  six  miles  in  three  minutes,  and  did  considerable  damage. 

Whirlwinds  on  land  are  waterspoutM  at  sea.  These  are  gene- 
rally  the  productions  of  warm  climates,  but  are  not  unfrequent 
on  our  coasts.  They  generally  have  the  appearance  of  a  speak- 
bg  trumpet  hanging  from  the  clouds  :  the  upper  part  is  white, 
and  the  lower  black  or  like  a  dense  cloud.  The  spout  generally 
hangs  down  perpendicularly,  but  is  sometimes  inclined,  and  at 
other  times  curvated.  It  always  has  the  whirling  motion,  and 
not  unfrequently  the  spiral  form.  Beneath  the  point,  the  water 
of  the  sea  seems  to  rise  up  with  a  direct  cone  to  meet  the  other, 
and  in  such  a  manner,  that  it  is  frequently  not  known  which 
was  the  first  formed,  though  the  boiling  up  of  the  water  gene- 
rally has  the  priority.  The  water  at  the  surface  of  the  sea 
forming  the  base  of  this  cone  is  sometimes  agitated  over  a  space 
of  more  than  100  yards  diameter,  whirling  to  the  centre  where 
it  ascends  from  the  top  of  the  cone  like  a  Jet  d*  eau  terminating 
in  a  dense  vapour.  At  the  same  time  the  lower  point  of  the 
upper  spout  seems  hollow,  into  which  the  vapour  enters  and 
ascends  with  a  whirling  motion,  apparently  forming  a  tube  in- 
side as  it  ascends. 

However  waterspouts  differ  very  much  in  form  as  well  as  in 
size  and  duration.  Sometimes  they  continue  for  an  hour,  at 
other  times  they  disappear  and  form  anew  several  times  within 
a  quarter  of  an  hour ;  and  very  often  a  number  of  them  appear 
at  once.  They  always  terminate  in  a  dense,  turbid  but  generally 
whitish  cloud,  and  are  carried  off  to  be  dispersed  over  the  land 
in  rain.  But  they  sometimes  burst,  that  is,  their  contents  are 
poured  down  in  a  mass  of  water,  and  sometimes  they  precipitate 
a  quantity  of  hail.  Marbers  have  often  burst  or  dispersed  them 
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by  making  a  noiae»  by  firing  at  them  with  ball^  or  OFen»  as  it  if 
aaid,  by  pointing  a  sword  or  metallic  rod  at  them»  so  as  to  dis- 
turb the  electrified  medium.  At  the  moment  of  bursting  they 
are  always  enveloped  in  a  flash  of  lightning ;  so  that,  should 
they  come  in  contact  with  a  ship,  it  would  almost  inevitably 
perish  as  well  by  the  electric  shock  as  by  the  fall  of  water. 

Water-spouts  generally  appear  in  the  mondis  most  subject  to 
thunder  and  lightning ;  and  are,  for  the  most  part,  preceded, 
accompanied,  or  followed  by  rain  and  hail.  They  are  always 
attended  by  a  noise  resembling  the  clatter  of  a  mill,  whioh  on 
some  occasions  is  as  loud  as  thunder ;  they  are  accompanied  also 
by  lightning,  which  often  plays  around  them  with  great  velocity. 
They  have  been  known  to  pass  from  sea  to  land,  when  diey  ex* 
hibited  all  the  phenomena  of  whirlwinds.  Sometimes  a  coot- 
motion  among  the  clouds  is  first  observed,  which  assuming  the 
whirling  motion,  let  fall  the  pointed  and  often  sorew-like  tube ; 
and  in  this  manner  have  they  frequently  been  formed  inland. 

In  the  year  1718  a  spout  burst  on  Emott  Moor,  Jianeashii^ 
covering  a  space  of  ground  tl3  yards  in  width,  tearing  up  the 
earth  to  the  rock  whioh  was  seven  feet  below  the  surface.  Bttt 
it  did  not  precipitate  at  once,  for  the  ground  was  ploughed  up 
in  the  above  manner  forming  a  trench  or  gulf  half  a  mile  in 
length: — the  earthy  materials  being  piled  up  in  prodigious 
heaps  on  each  side.  The  adjoining  country  was  immediately 
inundated.  Switzerland  and  all  other  mountainous  regions  are 
subject  to  a  kind  of  hurricane.  Attended  by  thunder  and  light- 
ning, tremours  of  the  earth,  and  waterspouts,  and  that  at  all 
seasons  of  the  year.  The  whirlwinds  on  such  occasions  some- 
times raise  the  water  from  the  lakes  in  the  form  of  a  pillar, 
reaching  up  to  the  clouds ;  and  let  it  fall  in  a  t^ody  npon  the 
land  frequently  doing  much  mischief. 

In  Germany,  on  the  20th  of  July,  1751,  at  three  o'clock  p.  m. 
a  great  quantity  of  dust  was  observed  rising  from  the  ground 
and  covering  a  field  and  part  of  a  town  in  which  the  observer 
was.  There  was  no  wind,  and  the  dust  moved  gently  towards 
Uie  east,  where  was  a  great  black  cloud,  which  passing  the 
zenith  charged  the  electrometer  ponHv,  Advancing  westward 
the  dust  followed  it,  rising  higher  and  forming  a  thicker  pillar 
in  the  shape  of  a  sugar-loaf,  till  it  came  in  contact  with  the 
cloud.  At  some  distance  there  came  in  the  same  path  aaodier 
great  cloud.  It  moved  faster  than  the  preceding  one,  and  was 
attended  with  a  long  train  of  smaller  ones.     The^  doids 
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charged  Ae  apparatus  negatively ;  and  when  they  came  near  the 
positive  dond,  the  whole  were  enveloped  in  a  flash  of  lightning. 
Upon  this  the  clouds  dissolved  in  rain,  and  the  air  was  soon 
clear  of  all  the  dnst.  Whirlwinds  have  occasionally  presented 
the  appearance  of  a  colamn  of  fire,  as  was  the  case  with  one  at 
Holkam,  Norfolk,  1741. 

An  artificial  waterspout  may  be  made  by  suspending  a  drop 
of  water  by  a  wire  over  a  vessel  of  water,  and  charging  the  wire 
positive,  when  the  drop  assumes  the  waterspout  form ;  and  the 
water  in  the  vessel,  being  in  tlie  electric  circuit,  is  negatively 
charged,  so  that  it  rises  up  to  meet  the  spiral  drop. 

But  it  seems  that  the  same  electric  charges  which  cause  water- 
spouts at  sea  and  whirlwinds  on  land,  occasion  PiUart  of  Sand  and 
the  poisonous  simoom  in  the  burning  deserts  of  Africa.  Bruce 
gives  a  lively  description  of  these  awful  phenomena.  **  We 
saw,''  says  he,  **  a  number  of  prodigious  pillars  of  sand  at 
diflferent  distances,  at  times  moving  with  great  celerity,  at 
others,  stalking  with  majestic  slowness ;  at  intervals  we  thought 
they  were  coming  in  a  very  few  minutes  to  overwhelm  us,  and 
small  quantities  of  sand  did  more  than  once  actually  reach  us« 
Again  they  would  retreat  so  as  to  be  almost  out  of  sight,  their 
tops  reaching  to  the  very  clouds*  There  the  tops  often  sepa- 
rated from  the  bodies,  and  these  once  disjointed  dispersed  and 
did  not  appear  again.  Sometimes  they  were  broken  near  the 
middle  as  if  struck  by  a*  large  cannon  shot  About  noon  they 
began  to  advance  with  considerable  swiftness  upoli  us,  the  wind 
being  very  strong  at  northv  Eleven  of  them  ranged  themselves 
alongside  of  us*  at  about  the  distance  of  three  miles.  The 
greatevt  diameter  of  the  largest  appeared  to  me  at  that  distance 
as  if  it  would  measure  about  ten  feet  They  retired  fromue 
with  a  wind  at  south-east  But  before  four  o'clock  in  the  after- 
noon, these  phantoms  of  the  plain,  had  aU  of  them  fallen  to  the 
ground  and  disappeared. ^Two  days  after  this  the  same  ap- 
pearance of  moving  pillars  of  sand  presented  themselves,  only 
they  seemed  to  be  more  in  number  and  less  in  size.  They  came 
several  times  in  a  direction  close  upon  us,  that  is,  I  believe 
within  less  than  two  miles.  They  rose  immediately  after  sun- 
rise like  a  thick  wood,  and  almost  darkened  the  sun :  his  rays 
sinning  throiigh  them  for  near  an  hour  gave  them  the  appear- 
ance of  fire.  Our  people  now  became  desperate ;  the  Greeks 
shrieked  out  and  said  it  was  the  day  of  Judgment.  Ismael  pro- 
nounced it  to  be  hell,  and  the  Tucorories  (the  name  of  the  people 
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who  had  joined  as)  that  the  world  was  on  fire.  I  asked  Idris  if 
he  had  ever  before  seen  such  a  sight  He  said  he  had  often 
seen  them  as  terrible,  thoogh  never  worse ;  but  what  he  feared 
most  was  that  extreme  redness  in  the  ain  which  was  a  sure  pre- 
sage of  the  coming  of  the  simoom." 

6.  LIGHTNING. 

Light  and  Caloric  are  always  produced  by  the  union  of  the 
two  electricities ;  but  though  a  great  deal  is  extricated  during 
earthquakes  and  hurricanes,  the  mind  is  too  much  occupied 
with  the  more  tremendous  concussions  to  dwell  much  upon  the 
lightning,  and  in  common  rains  the  combining  fluids  are  so  much 
dilated  as  not  even  to  produce  light  visible  by  night ;  so  that 
the  discharges  more  peculiarly  distinguished  by  the  term  light* 
ning  in  our  climate,  are  those  which  take  place  among  the  clouds, 
when  the  concussion  of  the  air  causes  the  sound  called  tkmmder. 
Thunder  and  lightning  seldom  or  never  occur  in  the  frigid  zones, 
while  on  the  contrary  in  the  torrid  zone  they  are  of  almost  daily 
occurrence,  and  are  awfully  destructive.  As  the  air  is  fre- 
quently charged  to  the  earth's  surface  the  lightning  is  often  seen 
to  run  along  the  ground.  And  indeed  in  the  temperate  sones 
it  is  sometimes  so  tremendous  that  fire-balls  play  about  or 
Tibrate  in  the  air. 

We  have  already  shown  how  the  upper  regions  of  the  air  be- 
come positively  charged,  and  the  earth  negatively :  and  either 
by  means  of  nightly  dews  or  rains  in  cold  climates,  the  lower 
regions  of  air  become  negatively  charged :  hence  originate  ne- 
gative clouds.  In  cold  regions,  as  in  the  frigid  zones,  these 
clouds  are  never  more  dense  than  the  thin  stratus;  hence  their 
rains  are  never  heavier  than  a  haze,  and  instead  of  the  atmos- 
phere being  relieved  of  its  electric  fluids,  as  in  the  temperate 
zones  by  thunder  and  lightning  and  heavy  rains,  or  as  in  the 
torrid  zone  by  still  more  heavy  rains  and  hurricanes,  the  charges 
are  widely  dispersed  through  the  cold  non-conducting  air  and 
produce  the  aurora  borealis.  But  in  the  temperate  zones  where 
the  temperature  of  the  air  is  greater,  especially  in  summer, 
more  dense  clouds  are  formed ;  and  the  air  having  a  conducting 
power  in  proportion  to  its  heat,  the  clouds  are  capable  of  con- 
taining a  high  charge,  so  that  two,  oppositely  electrified,  may 
frequently  be  seen  to  approach  each  other  by  their  mutual  at- 
traction. 
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The  lightning  in  oar  climates  may  be  said  to  be  of  different 
kinds  according  to  its  accompanying  phenomena.  That,  which  is 
so  frequently  seen  by  night  unattended  by  thunder  or  any  heary 
fall  of  rain,  approaches  nearly  the  nature  of  the  aurora  borealis. 
It  is  the  dew  of  the  evening,  which  serves  as  a  conductor  between 
the  earth  and  the  upper  regions  of  the  air,  or  the  combination  of 
the  fluids  in  oppositely  charged  strata  of  vapour,  where  the  air 
is  too  cold  or  the  electric  charges  are  too  weak  to  collect  them 
into  clouds.  But  that  frequently  seen  in  the  horizon,  may  be 
the  upper  parts  of  a  thunderstorm,  pouring  down  its  torrents  in 
a  distant  region,  while  we  have  a  clear  sky.  Sometimes  in  cold 
rainy  weather,  especially  in  the  autumn,  much  sheet  lightning 
is  visible  by  night  without  thunder  ;  a  higher  temperature  will 
produce  thunder  with  sheet  lightning;  and  a  higher  still  is 
necessary  for  chain  lightning,  when  the  caloric  is  more  con- 
densed. Both  the  charges  which  produce  the  above  kinds  of 
lightning  are  in  the  clouds.  But  even  in  the  temperate  zones 
during  hot  weather,  as  well  as  in  the  torrid,  a  considerable  por- 
tion of  the  negative  fluid  is  contained  in  the  earth.  These  dis- 
charges are  generally  immediately  occasioned  by  a  negative 
cloud  intervening  between  the  charged  earth  and  the  positively 
charged  clouds,  which  completes  the  circuit.  In  these  cases, 
there  is  commonly  both  thunder  and  a  tremour  of  the  earth,  but 
sometimes  only  one  and  at  other  times  only  the  other  :  for  at 
the  time  of  union,  though  the  principal  combination  is  at  the 
earth's  surface,  yet  it  also  extends  to  a  certain  distance  above 
and  below.  This  is  the  forked  or  zig-zag  kind  of  lightning,  and 
is  the  only  kind  which  is  destructive.  The  one  fluid  ascending 
and  the  other  descending,  or  rather  the  body  of  the  produced 
caloric,  is  what  we  call  the  thunder-bolt. 

The  electric  fluids  will  not  force  themselves  through  the  air, 
except  to  short  distances  according  to  the  intensity  of  the 
charge ;  and  they  always  first  pass  from  any  prominence  or 
spicula  as  being  the  nearst  points  of  the  two  contiguous  ^charged 
surfaces:  hence  we  always  find  that  the  thunderbolt  strikes  the 
very  top  of  the  highest  objects  within  a  certain  distance,  as  a 
high  tower,  tree,  or  chimney ;  and  as  the  negative  was  there 
collected,  the  union  was  at  that  point  and  the  object  is  thrown 
down  and  shattered  to  pieces.  On  this  principle  it  is  that  thun- 
der storms  are  the  most  frequent  on  hills  or  mountains ;  so  that 
mountains,  as  it  were,  drain  the  plains  of  the  electric  fluid,  a 
circumstance  to  which  we  shall  hereafter  frequently  refer.    In 
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like  manner  a  man  may  be  strack  on  a  wide  extended  plain,  be- 
ing thfe  highest  object;  bnt  is  perfectly  safe  when  near  trees  or 
buildings,  nnless  under  them,  or  so  near  that  his  body  comes  in 
contact  with  the  circuit  or  charged  surface.  Bnt  as  substances 
widely  differ  in  their  conducting  power,  lightning  occasionally 
seems  to  differ  from  this  rule,  and  lower  objects  are  sometimes 
struck  at  a  Tery  short  distance  from  higher  ones  of  less  conduct- 
ing power.  This  has  frequently  been  exemplified  in  the  destruc- 
tion of  cattle  by  lightning ;  for  red  or  black  oxen  hare  been 
struck  dead  in  the  midst  of  a  herd  of  white  ones  that  escaped : 
there  is  even  an  instance  on  record  of  a  red  and  white  ox  being 
killed,  whereon  the  red  parts  of  his  body  were  all  scorched,  and 
the  white  remained  uninjured. 

Metals  are  the  best  conductors  of  electricity,  and  of  these 
copper  is  the  first  and  iron  the  second.  Metallic  rods  hare, 
therefore,  been  considered  as  of  use  in  protecting  buildings  from 
the  effects  of  lightning.  One  end  of  the  rod  is  elevated  a  few 
feet  above  the  highest  point  of  the  building,  and  the  other  goes 
into  the  earth  some  yards  below  the  foundation.  The  intentioB 
is,  to  extract  the  fluid  from  the  clouds  which  would  perbap* 
come  in  contact  with  the  building.*  When  the  negative  fluid 
passes  through  the  air  from  one  surface  to  another,  it  moves  in 
the  form  of  a  star;  but  the  positive,  under  the  like  circumstances, 
has  the  form  of  a  brush ;  both  appearances  have  been  obierveA 
on  the  tops  of  thunder  rods  during  storms.  To  people  muck 
afraid  of  lightning  the  middle  of  a  room,  at  the  greatest  distance 
possible  from  all  metallic  substances,  is  recommended  as  the 
safest;  but,  undoubtedly,  a  small  house  or  shed,  oontaiiiiDg  so 
metal,  detached  from,  but  near  to  the  main  buildiDg,  and  set 
overhung  by  any  object,  is  the  most  secure. 


*  In  the  mines  at  Philipsthal,  Eaat  ProBsia,  is  a  curious  application  of  tfcii 
principle.  They  make  a  hole  in  the  rock,  and  when  they  see  thnnder  doak 
near,  they  insert  the  end  of  a  tall  metallic  rod,  and  leave  it  in  an  erect  ] 
all  night,  when,  in  the  mordag,  they  genenHy  find  the  roek  rest  as  if  I 
by  gunpowder. 
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7.  MBTBOR8  OR  FIRB-BALL8,   AND  ABROLITBS. 

Therb  are  commonly  reckoned  four  sorts  ot  meteors :  the 
fint  or  smallest,  are  of  a  bluish- white  colonr,  but  are  peculiarly 
distinguished  by  their  leaving,  as  they  glide  athwart  the  skies, 
long  tails  behind  them,  which  frequently  continue  for  some 
seconds.  The  ieamd  are  the  most  common,  being  those  seen 
in  clear  frosty  nights  with  an  easterly  wind  ;  they  have  little  or 
no  train,  and  shoot  along  generally  in  straight  lines  obliquely 
downwards.  The  third  sort  are  larger,  more  brilliant,  and  are 
formed  at  a  less  eleyation  than  the  above,  mostly  among  the 
cirro-cumulus,  cirro-stratus  or  in  the  magazines  of  thunder: 
they  are  generally  seen  in  warm  summer  evenings,  but  are 
mostly  the  harbingers  of  stormy  or  unsettled  weather.  Their 
motion  is  frequently  curvilineal ;  and  this,  together  with  their 
beautiful  brightness,  ofteiv  gives  them  a  most  splendid  ap- 
pearance. 

The  above  meteors  probably  originate  from  the  gases  and 
effluria  that  ascend  from  the  earth's  surface ;  which  being  of  less 
specific  gravity  than  the  oxygen  and  nitrogen  gases  or  vapour 
are  floating  in  the  ethereal  regions,  and  being  highly  charged 
positive,  condense  into  clouds,  and  finally  into  balls :  they  may 
be  represented  in  the  following  manner.  In  the  vacuum  of  a 
glass  tube,  which  contains  some  quicksilver,  let  there  be  a 
moistening  of  ether,  and  let  the  top  of  the  tube  be  hermetically 
sealed  with  a  steel  cap.  Then  should  the  cap  be  charged  posi- 
tively, while  the  quicksilver  becomes  negative  by  induction,  a 
livid  spark  will  be  seen  to  pass  through  the  ethereal  vapour  to  the 
quicksilver,  thus  representing  the  small  beautiful  meteors  of  the 
first  class,  which  we  see  gliding  about  in  the  ethereal  regions 
far  above  any  clouds.  But  should  a  little  air  be  admitted  into 
the  tube,  then  a  dense  spark  of  fire  will  descend  to  the  quick- 
silver, representing  the  commonest  kind  of  meteors,  or  those  of 
the  second  sort,  formed  among  the  cirri  clouds.  A  little  more 
air  produces  those  larger  or  third  kind  among  lower  and  denser 
clouds,  such  as  are  seen  in  thunder  storms  or  previously  to 
earthquakes. 

The  fawrth  sort  called  Fiery  Meteors,  are  much  larger  Uian  the 

above;  and  have  been  frequently  known  to  precipitate  vast 

-  fragnMBta  of  stones  called  AerMtet,  attended  with  explosiona 

and  a  nlphorous  smell.    **  Fiery  OMteors/'  says  PolehampUm, 
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in  the  Gallery  of  Nature  and  Art,  **  are  of  all  sizes  from  a  small 
shooting  star  of  the  fifth  magnitade,  to  a  cone  or  cylinder  of  two 
or  three  miles  diameter.  They  differ  in  consistency  as  much  as 
in  dimensions,  and  in  colour  as  much  as  in  either.  They  are 
sometimes  a  subtile,  luminous,  and  pellucid  vapour;  sometimes 
a  compact  globe  or  ball,  as  though  the  materiab  of  which  they 
are  formed  were  more  condensed  and  concentrated.  And  not 
unfreqnently  they  have  been  found  to  consist  of  both,  and  con- 
sequently to  assume  a  comet  like  appearance,  with  a  nucleus  or 
compact  substance  in  the  centre  or  towards  the  centre,  and  a 
long,  thin,  pellucid,  luminous  main  or  tail  sweeping  on  each 
side.  They  are  sometimes  of  a  pale  white  light,  and  other  times 
of  a  deep  igneous  crimson,  and  occasionally  irridescent  and 
vibratory.  The  rarer  meteors  appear  frequently  to  vanish  all 
of  a  sudden  as  though  abruptly  dissolved  or  extinguished  in 
the  atmospheric  medium ;  their  flight  is  accompanied  with  a 
hissing  sound,  and  their  disappearanc  with  an  explosion.  And 
the  most  compact  of  them,  or  the  nuclei  of  those  that  are  rarer, 
have  often  descended  to  the  surface  of  the  earth,  and  with  a 
force  sufficient  to  bury  them  many  feet  under  the  soil,  gene- 
rally exhibiting  marks  of  imperfect  fusion  and  considerable 
heat.  The  substances  in  these  cases  are,  for  the  most  part, 
metalline ;  but  the  ore,  of  which  they  consist,  is  no  where  to 
be  met  with  in  the  same  constituent  proportions  in  the  boweb 
of  the  earth. 

**  Yet  however  these  extraordinary  bodies  may  differ  in  co- 
lour, shape,  dimensions,  or  consistency,  they  seem  to  agree  with 
great  exactness  in  their  transient  appearance,  velocity,  and 
elevation  when  first  discovered.  It  is  seldom  that  they  have 
been  capable  of  being  traced  longer  than  fr«m  a  single  mon&ent 
to  two  or  three  minutes ;  their  height  has  been  pretty  fairly  and 
concurrently  calculated  at  from  fifty  to  sixty  miles  above  the 
surface  of  the  earth;  and  their  velocity,  from  similar  calculations, 
at  from  twenty  to  thirty  miles  in  a  second ;  consequently  at  the 
lowest  computation,  exhibiting  a  rapidity  more  than  ninety  times 
that  of  sound,  and  nearly  approaching  to  that  of  the  earth  in  her 
annual  orbit.'' 

The  meteor  seen  by  Dr.  Halley  in  the  year  1719  was  a  globe 
of  no  less  than  2800  yards  diameter.  Its  altitude  he  calculated 
to  be  about  70  miles,  and  its  velocity  about  350  miles  per  minute. 
Another  of  the  same  kind  was  seen  on  the  18th  of  August  1783 
at  nine  o'clock  in  the  evening.     It  was  first  perceived  north  of 
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the  Shetlsnd  Isles.  It  passed  nearly  vertical  over  Edinburgh ; 
and  was  seen  in  the  south  of  France,  and  even  as  far  south  as 
Rome.  It  assumed  different  appearances  as  it  went.  Some- 
times it  formed  one  ball  and  at  other  times  two  or  more.  At 
Crreenwich  two  bright  balls  of  about  two  feet  diameter  led  the 
way ;  these  were  parallel  to  each  other,  and  were  followed  by 
eight  smaller  ones.  Its  altitude  was  about  90  miles,  its  velocity 
about  1000  miles  per  minute,  and  its  direction  nearly  in  the 
magnetic  meridian. 

Ancient  authors  have  given  accounts  of  the  fedling  of  vast 
masses  of  the  stones  called  aerolites ;  but  as  they  generally  con- 
sidered them  as  prognostics  of  some  calamitous  event,  little 
credit  was  given  to  their  relations,  till  like  occurrences  became 
so  frequent  in  modern  times,  that  the  matter  was  no  longer 
doubted.  In  1803  a  shower  fell  in  Normandy,  which  covered 
an  extent  of  half  a  league  in  breadth,  and  three  quarters  in 
length.  Similar  instances  have  occurred  both  in  England  and 
all  other  parts  of  the  world.  The  meteor  generally  distinguished 
as  the  Great  American  Meteor  exploded  at  an  elevation  of  about 
17  miles,  throwing  down  a  vast  mass  of  stones.  Aerolites  differ 
in  composition,  some  are'composed  entirely  of  the  two  magnetic 
metals  iron  and  nickel ; — and  occasionally  all  the  magnetic  me- 
tals, but  no  other,  are  found  in  them.  One  fell  in  1751  near 
Agram  in  Croatia,  containing  90^  iron  and  S^  nickel.  A  large 
mass  lies  in  the  great  Desert  of  Sahara  composed  of  96  iron 
and  4  nickel.  An  immense  mass  was  found  in  South  America 
weighing  not  less  than  30  tons,  9J  iron  and  10  nickel.  The 
composition  of  one  stone  was  found  to  be  50  silex,  27  iron, 
7  sulphur,  10  magnesia,  1  nickel,  5  loss.  But  some  meteors 
are  merely  gelatinous  substances ;  however  none  of  these  have 
been  analysed.  Red  rain  has  been  known  to  fall  in  different 
parts  of  the  world ;  a  specimen  of  which  contained  33  silica, 
16*6  alumina,  11*5  lime,  14*5  iron,  1  chrome,  9  carbonic  acid, 
and  15*5  resinous  substances. 

Philosophers  have  been  much  perplexed  in  endeavouring  to 
account  for  the  origin  of  these  aerolites.  We  have  already 
stated  our  conjecture  of  their  cometary  nature,  (see  page  309), 
and  the  statements  in  the  above  extract  from  the  Gallery  of  Na- 
ture and  Art,  together  with  Sir  H.  Davy's  opinion,  who  sup- 
poses them  highly  ignited  bodies  moving  round  the  earth  in 
very  eccentric  orbits,  are  strong  corroborations  of  our  hypo  • 
thesis.    While  they  retain  a  certain  temperature,  it  may  be 
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supposed  that  tbey  have  something  like  a  planetary  motion; 
for  thej  are  certainly  under  the  influence  of  the  earth's  at- 
traction, or,  by  the  earth's  progress  wei  might  expect  to  see 
them  left  behind,  or  to  have  a  direct  westerly  motion,  nei- 
ther of  which  is  the  case.  But  on  losing  their  heat'  they 
gravitate  nearer  to  the  earth,  and  the  explosion  is  caused 
by  their  shrinking  in  the  act  of  solidifying.  Their  motion  is 
generally  from  north  to  south  or  in  the  magnetic  meridian, 
which  shews  that  they  are  connected  with  magnetism :  but  how, 
will  only  be  known  when  the  connection  between  planetary  d&o- 
tion  and  magnetism  is  rightly  understood. 

Some  philosophers  suppose  tbem  to  have  been  projected  by 
volcanoes  from  the  moon;  others,  with  more  probability,  by 
volcanoes  from  the  earth;  while  a  third  class,  considering  to 
what  height  the  sands  from  the  Deserts  of  Africa  and  Arabia 
are  raised  by  winds  and  the  electric  fluids,  as  stated  sec  6» 
find  little  difficulty  in  accounting  for  the  siliceous  parts  of  tbem 
in  this  manner.  And  indeed  the  sand  thus  raised,  and  perhaps 
by  other  means,  must  be  very  considerable,  if  it  is  true  as 
Margray  asserts,  that  every  pound  of  rain  water  contains  one 
grain  of  silica.  But  for  the  other  parts,  and  especially  the  me- 
tals, we  must  have  recourse  to  the  eruptions  pf  rolcanoes. 
The  ashes  and  other  substances  ejected  from  them,  such  is  the 
quantity  of  electricity,  have  sometimes  been  observed  to  be 
collected  into  clouds,  like  aqueous  yapoor,  and  so  pass  oflf  to 
distant  regions.  Such  clouds,  far  from  any  volcano,  have  at- 
tracted attention  by  their  uncommon  appearance,  have  sud- 
denly contracted,  condensed,  and  exploded  with  thunder,  and 
lightning,  when  they  precipitated  hot  stones.  If  a  steel  bar 
lose  weight  by  magnetism,  the  highly  electrified  original  par- 
ticles of  the  magnetic  metals  may  probably  be  suspended  in  the 
atmosphere ;  and  as  we  have  already  supposed  positive  clouds 
to  pass  along  the  ethereal  regions  towards  the  north  magnetic 
pole,  these  volcanic  clouds  may  be  there  agglomerated  into  ig- 
nited masses,  and  as  we  have  already  stated,  may  assume  some- 
thing of  a  planetary  motion. 

8.      THE   PRCIPITATION   OF   VAPOUR  OB  RAIN. 

We  have  already.  Chap.  VI.,  sec.  10,  described  the  nature 
of  evaporation,  and  in  various  places  stated  that  electricity 
collects  the  vapours  raised  by  the  sun's  heat  into  doudi,  or 
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oondenses  tbem  miich  more  than  the  mere  buoyancj  of  the 
atmosphere  is  able  to  maintain.     It  therefore  necessarily  fol- 
lows, that  when  these  electric  fluids  are  discharged  in  any 
of  the  ways  we  have  mentioned  in  this  chapter,  these  vaponrs 
having  thereby  lost  their  booyancy  and  repulsive  property, 
must  condense,  or  come  in  contact  with  each  other,  and  de* 
scend  to  the  earth's  surface  by  the  mere  att3raction  of  gravita- 
tion.   And  as  the  density  of  the  aqueous  particles  in  a  cloud  is 
according  to  the  intensity  of  the  electric  charge,  and  the  eon-* 
ducting  power  of  the  atmosphere  is  proportioned  to  the  quantity 
of  vapour  which  it  contains;    consequently,   where  there  is  the 
most  vapour  and  electricity,  the  more  suddenly  will  the  latter 
be  discharged,  and  the  more  rapidly  the  former  precipitated. 
Hence  it  may  be  determined  by  the  aerial  elec^ometer  what 
quantity  of  rain  will  fall,  for  the  aeriidl  charge  is  always  in 
proportion  to  the  rain.     And  as  the  capability  of  the  air  for 
sustaining  vapour,  and  its  conducting  power  are  according  to 
its  temperature,  so  in  the  torrid  zohe  the  electric  charge  is  very 
great,  and  the  rain  falling  is  in  proportion;  while  in  the  frigid 
sones  the  electric  charge  is  very  feeble  or  very  much  dilated, 
the  rain  is  very  inconsiderable  in  quantity,  and  seldom  heavier 
than  a  ha^ : — the  drops  are  also  in  proportion,  being  in  the 
frigid  zones  only  mere  particles,  while,  it  has  been  asserted, 
that  in  the  torrid  zone  they  are  frequently  an  inch  in  diameter. 
Though  the  atmosphere  at  times  contains  both  negative  and 
positive  charged  clouds,  yet  in  all  heavy  runs  the  chief  of  the 
negative  fluid  seems  to  be  contained  in  the  earth's  surface :  hence 
the  most  rain  falls  on  those  parts  of  the  earth's  surface,  where 
the  electric  fluids  are  the  most  apt  to  be  condensed,  as  on  sea 
shores,   and  in  mountainous  regions,  especially  such  as^  are 
volcanic.     The  summits  of  mountains  are  almost  always  highly 
charged,  and  accordingly,  even  on  some  of  the  British  moun- 
tains a  day  seldom  passes  without  rain :  hence  the  enormous 
quantities  sometimes  precipitated  against  ridges  of  no  very  great 
height :  see  Chap.  YII,  sec.  9.     The  most  elevated  of  the  Andes 
protrude  their  summits  far  into  the  regions  of  the  positive 
clouds,  being  yolcanic  and  highly  charged  negative,  they  com- 
pletely drain  that  part  of  the  atmosphere  of  the  positive  fluid  or 
clouds:  so  that  on  the  plains  of  Peru  and  Chili, .which  lie 
between  these  mountains  and  the  Pacific  ocean,  it  never  rains — 
no  combination  of  the  electric  fluids,  at  least  by  day,  taking 
fhUit  in  their  zenith.    But  as  the  evaporation  from  the  western 
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ocean,  attracted  by  and  precipitated  on  these  monntaina  during 
the  day  is  very  great;  and  as  a  wind  always  blows  from  a  nega- 
tive surface,  as  from  the  tops  of  the  Andes,  which  in  the  abs^ice 
of  the  sun  is  excessively  cold ;  so  by  night  it  meets  some  of  these 
vapours  on  their  passage,  condenses  them  or  otherwise  precipi- 
tates them  as  dew  and  fertilizes  these  plains. 

Many  heavy  rains,  even  in  Britain,  have  been  attended  widi 
something  of  a  volcanic  nature.  A  remarkable  instance  occurred 
about  6  o'clock  P.  M.  2nd  of  last  September  (1824).  On  apart 
of  the  Pennine  chain  in  Lancashire,  two  immense  bodies  of 
muddy  water  issued  from  the  earth  and  did  much  damage  in 
their  course.  '*  At  the  time  of  the  eruption,  the  clouds  were 
copper  coloured,  gloomy  and  lowering;  the  atmosphere  was 
strongly  electrified,  close  and  sultry,  and  there  was  loud  and 
frequent  thunder,  preceded  by  much  zig-zag  lightning,  flaring 
and  vivid.  An  hour  before  there  was  scarcely  a  breath  of  air 
stirring,  but  the  wind  quickly  rose  almost  to  a  hurricane,  and 
after  blowing  hard  from  6  to  8  o'clock,  sunk  again  into  a  pro- 
found calm;  at  which  time  the  heavy  rain,  which  had  con* 
tinned  all  the  while,  ceased,  and  with  the  exception  of  a  few 
floating  clouds  the  sky  was  nearly  serene."  The  storm  ex- 
tended into  Northumberland,  and  gave  the  inhabitants  of  the 
intervening  part  of  the  country  a  specimen  of  what  thunder 
storms  are  in  hot  climates.  The  noise  in  the  air  was  like  the 
roaring  of  the  sea  in  a  storm,  but  much  louder ;  and  the  light- 
ning was  as  if  the  clouds  were  on  fire — the  sheets  extended  to 
the  ground.  At  Denbigh,  July  16th,  1706,  during  a  heavy  fall 
of  rain,  attended  with  a  terrible  noise  like  thunder,  wind  south- 
west, water  broke  out  of  the  earth  in  many  places,  and  caused 
the  overflowing  of  the  rivers  of  that  and  the  adjoining  counties, 
and  in  many  cases  changed  their  coarse.  Many  other  instances 
are  on  record. 

9.   HAIL. 

Hailstones  are  of  various  sizes,  from  the  mere  particle  of 
snow  to  a  large  mass  of  ice.  The  centres  of  hailstones  some- 
times consist  of  soft  spongy  snow,  while  the  outsides  are  clear 
ice.  They  are  occasionally  in  the  shape  of  oblate  spheroids,  so 
that  they  must  have  had  a  rotatory  motion  in  their  descent 
and  at  the  time  of  their  congelation.  But  they  assume  various 
figures,  being  soinetimes  round,   at  other  times  pyramidal, 
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cuniated,  angular,  thin  and  flat,  and  occasionally  stellated,  with 
six /radii  like  the  small  crystals  of  snow.  Hail  and  dry  snow 
are  generally  positive,  while  rain  water  is  mostly  negative. 

Hail  is  merely  frozen  rain,  and  the  only  difficulty  in  its 
natural  history,  is,  to  account  for  its  congelation.  All  the  great 
falls  of  hail  have  been  attended  by  thunder  and  lightning,  and 
on  all  occasions  when  there  is  hail  there  is  great  conflicts  among 
the  clouds,  so  that  we  consider  hail,  in  some  degree,  as  the  pro* 
duce  of  the  same  aerial  or  electric  process  as  that  of  waterspouts. 
In  this  manner  the  vapours  are  kept  suspended  by  the  intensity  of 
the  electric  charge  and  the  whirling  motion,  with  a  much  greater 
degree  of  density  than  they  ever  have  in  clouds ;  and  are  also, 
by  the  conflict  caused  by  the  combining  electricities,  carried 
into  more  elevated  regions  than  the  cumulo-clouds  ever  ascend 
to,  and  thus  enter  the  regions  of  perpetual  congelation ;  so  that 
they  are  there  solidifled  into  those  icy  masses,  of  which  natural 
historians  give  many  surprising  accounts. 

In  Italy,  1210,  there  fell  a  shower  of  hailstones  of  enormous 
size,  some  of  them  weighing  an  hundred  pounds.  It  was 
attended  with  a  strong  smell  of  sulphur,  and  the  stones  were  of 
a  bluish  colour.  Another  fell  at  Lisle  1786  of  a  large  size, 
some  of  them  in  the  middle  contained  a  brown  substance,  which 
exploded  in  the  fire.  April  29th,  1697,  a  large  black  cloud 
from  Caernarvonshire  passed  over  Cheshire  and  Lancashire, 
which  threw  down  hailstones  of  half  a  pound  weight : — its  track 
was  60  miles  ih  length  and  2  in  width.  May  4th,  in  the  same 
year,  a  shower  fell  in  Hertfordshire,  wherein  were  stones  of 
fourteen  inches  in  circumference : — they  killed  several  persons. 
But  there  are  records  of  masses  of  ice  that  have  been  precipi- 
tated from  the  atmosphere,  or  thrown  down  by  waterspouts. 

10.   SNOW. 

When  the  flakes  of  snow  are  carefully  examined  with  a 
microscope,  they  appear  to  be  composed  of  ice  as  perfectly 
crystallized  and  as  pellucid  as  that  formed  on  the  purest  water. 
They,  for  the  most  part,  are  in  irregular  figures,  in  the  shape  of 
rowels  or  stars  with  six  points.  On  each  of  these  points  are 
other  collateral  points,  set  at  the  same  angles  as  the  points 
themselves ;  among  which  are  irregular  or  fractured  ones.  But 
on  some  occasions,  when  the  atmosphere  is  less  settled,  they 
seem  as  if  they  had  been  carried  about  by  contending  winds,  or 
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as  if  half  thawed  and  again  congealed ;  so  that^  when  tliey 
descend,  they  have  somewhat  the  appearance  of  icicles,  and 
sometimes  they  approach  rery  near  in  shape  to  hailstones; 

In  the  neighbourhood  of  lofty  moontains,  the  flakes  of  snow 
or  half  hail  generally  have  a  peculiar  conformation.  On  these 
occasions  the  snow  proceeds  from  more  intense  discharges  of 
the  electric  fluids.  But  sometimes  the  aqueous  particles  seeai 
to  be  precipitated  from  the  atmosphere,  by  reason  of  its  loss  of 
temperature ;  when  the  conducting  power  is  so  diminished  that 
the  electric  fluid  is  too  much  dissipated  to  give  the  repulsive 
property  and  consequent  buoyancy  to  the  air  and  vapours,  so 
that  the  latter  collapse,  congeal,  and  become  too  heavy  for  the 
air  to  sustain :  and  coming  in  contact  with  each  other  in  their 
descent,  they  adhere  and  form  the  flakes :  hence  the  more  ele- 
rated  the  cloud  the  larger  the  flakes  of  snow.  On  such  occm* 
sions  there  may  possibly  be  a  fall  of  snow  without  any  comhina^ 
tion  of  the  electric  fluids,  but  the  quantity  must  be  inconstdera* 
ble  ;  however  on  most  occasions,  and  especially  when  the  fidl 
of  snow  is  great,  it  is  occasioned  by  the  contact  of  differendy 
electrified  clouds  with  the  discharge  of  the  fluids. 

11.  WIND. 

We  have  already  explained  two  classes  of  winds,  viz.  those 
depending  on  the  rarefaction  and  condensation  of  the  air  bj 
the  presence  or  absence  of  the  solar  rays;  which  winds  are 
regular ;  and  those  depending  upon  the  loading  and  expansion 
of  the  atmosphere  with  vapours,  and  its  concentration  by  their 
precipitation  in  rain :  but  though  the  winds  of  the  first  class 
are  considerable,  yet  neither  class  perhaps  ever  extend  to  wliat 
we  call  a  tempest.  The  origin  of  all  storms,  and  of  most  of  the 
irregular  winds  we  have  yet  to  develope;  however  we  have 
sufficient  data  in  the  electric  principles  to  set  this  long  agitated 
question  at  rest 

The  atmospheric  pressure,  as  indicated  by  the  barometeTt 
will  sometimes  vary  one-tenth,  that  is,  the  mercury  will  rise  or 
fall  about  three  inches,  or  one-tenth  of  its  height  Suppose 
then  a  fall  of  six  inches  in  depth  of  rain,  which  is  perhaps  as 
much  as  ever  {Mb  in  one  storm  in  our  climate ; — this  is  only 
equal  to  a  sixteenth  part  of  the  whole  weight  of  our  atmospiwjii, 
which  balances  30  feet  of  water.  But  as  Vapour  is  ooe-sixtil 
lighter  than  atmospheric  air^'  it  irduld  be  eqaii  in  bulk  to  ene- 
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fiftieth  part  of  the  whole  atmosphere.  These  six  iaches  depth 
of  rain,  therefore,  being  precipitated,  would  only  make  room 
for  air  eqaal  in  weight  to  one- fiftieth  part  of  the  atmosphere, 
while  perhaps  the  barometer  shews  that  five  times  as  much 
weight  is  acquired,  for  it  has  risen  three  inches  or  one-tenth  of 
the  whole,  between  the  commencement  of  the  storm,  and  the 
time  when  the  sky  became  serene  and  clear.  But  as  the  air 
was  of  the  same  altitude  or  bulk  before  the  storm  as  it  is  after 
it,  (for  how  much  vapour  soever  there  may  be  in  the  atmosphere 
it  always  increases  its  extent  in  proportion  to  its  bulk,  or  dis- 
places an  equal  bulk  of  atmospheric  gases,)  consequently,  there 
can  only  be  the  difi*erence  between  the  weight  of  this  vapour 
and  a  corresponding  bulk  of  atmospheric  air,  which  would  be 
equal  to  only  a  three  hundred  and  sixtieth  part  of  the  whole ; 
and  which  would  cause  a  rise  in  the  barometer  of  only  a  twelfth 
part  of  an  inch  instead  of  three  inches :  so  that  the  mercury 
would  rise  36  times  as  much  as  the  mere  fall  of  rain  would 
allow  it. 

Now  as  each  electric  fluid  is  repulsive  of  itself,  when  the 
particles  of  the  atmospheric  gases,  and  those  qf  the  vapour  are 
charged  they  must  repel  each  other,  or  the  whole  of  that 
charged  portion  of  the  atmosphere  will  have  its  expansive  pro- 
perty very  much  increased ;  and  as  we  have  shewn  that  clouds 
owe  their  existence  to  the  electric  fluids,  it  is  very  evident,  that 
when  the  earth's  surface  contains  a  very  high  charge  of  the 
negative  fluid,  and  the  atmosphere  is  loaded  with  very  highly 
electrified  clouds,  perhaps  both  positive  and  negative,  the  air 
and  vapour  from  the  very  ground  to  the  ethereal  regions  must 
be  very  much  rarefied  over  that  portion  of  the  earth's  surface. 
It  is  not  perhaps  too  much  to  suppose  that  the  atmospheric  air, 
by  these  intense  electric  charges,  is  over  a  very  extensive  area 
increased  in  bulk  or  rarity  nearly  one-tenth  as  above  described ; 
and  here  we  have  the  foundation  for  hurricanes,  tornadoes,  and 
storms  of  every  description.  For  as  the  air  thus  increases  in 
bulk,  it  must  extend  laterally  so  as  to  €nd  its  own  level ;  but 
this  motion  will  be  slight  in  comparison  of  that  occasioned  by 
the  discharge  of  the  electric  fluids,  and  the  consequent  imme- 
diate precipitation  of  the  vapour  which  they  suspended,  when  a 
vacuum  will  be  made  equal  to  more  than  one-eighth  of  the 
atmosphere ;  and  the  surrounding  air  rushing  in  to  fill  up  the 
vacuum  or  restore  the  equilibrium,  will  be  the  destniotiTe 
wind. 
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Now  if  the  electric  fluids  were  all  discharged  at  one  shock, 
and  the  vapours  precipitated  at  one  splash,  the  air,  rnshuig 
together  to  restore  the  equilibrium,  would  move  with  one  eighth 
of  the  whole  atmospheric  pressure.     And  as  this  is  equal  to  15 
lbs.  to  a  square  inch  or  2100  lbs.  to  a  square  foot,  the  wind  would 
move  with  a  pressure  of  270  lbs.  to  every  square  foot  of  oppo- 
sing superficies.     But  this  is  never  the  case,  for  the  atmosphere 
of  our  climate  is  mostly  three  or  four  days  in  discharging  its 
load;  and  in  the  torrid  zone,  hurricanes  or  tornadoes  are  gene- 
rally some  hours  in  spending  their  fury.     It  has  been  proved 
by  experiment,  that  in  a  hurricane  the  wind  moves  with  a  velo- 
city of  100  miles  per  hour,  and  a  force  or  pressure  of  49  lbs.  to 
every  square  foot  of  opposing  surface.     When  it  moves  at  the 
rate  of  from  30  to  35  miles  per  hour,  it  has  a  force  of  5  or  6 lbs.  to 
each  square  foot   From  10  to  15  miles  per  hour  its  force  is  8  ox. 
or  1  lb.;  but  when  only  4  or  5  miles,  which  is  a  gentle  breese, 
its  force  is  from  1  to  2  oz.   Now  as  a  middle  sized  man  presents 
about  15  square  feet  of  surface  to  the  air,  and  weighs  aboat  160 
or  180  lbs ;  supposing  the  wind  to  blow  against  one  side  of  him 
or  half  of  his  surface,  in  a  hurricane  he  will  be  propelled  by  a 
force  of  between  two  and  three  times  his  own  weight;  even 
when  the  wind  presses  with  a  force  of  only  10  or  12  lbs.  to  the 
square  foot,  it  will  equal  his  weight.     From  this  calculation  we 
may  conceive  how  hurricanes  are  so  very  destructive. 

Now  the  charging  of  the  air,  and  perhaps  we  might  say  the 
locomotion  of  the  electric  charges,  as  from  one  mountain  or  one 
island  to  another,  must  often  cause  great  agitations  in  the 
atmosphere;  and  here  perhaps  we  may  have  the  origin  of 
squalls  and  sudden  gusts,  which  in  some  regions  are  so  frequent, 
and  which  are  often  unattended  by  any  discharge  of  the  fluids 
in  thunder  and  lightning,  &c.  Hence  whenever  we  see  a  black 
cloud  sailing  across  the  sky,  it  is  mostly  preceded  by  a  strong 
wind,  and  not  unfrequently  followed  by  one.  For  though  the 
air  on  the  front  is  expanded  and  pressed  out,  yet  that  in  its 
track  is  rarefied,  and  pressed  upwards  by  the  contiguous 
uncharged  air,  so  that  there  is  a  lateral  current  to  fill  up  the 
vacuum.  Such  clouds  hovering  over  the  sea,  in  volcanic  regions, 
often  cause  an  agitation  in  the  water  similar  to  the  swell  of  the 
tide.  Besides,  clouds  often  descend  vertically,  by  their  own 
presence  charging  the  air  positively;  and  as  they  never  thus 
descend  but  when  the  corresponding  negative  charge  is  in  the 
earth,  so  the  lower  regions  of  the  air  become  negatively  charged. 
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In  the  volcantc  districts  of  Italy  and  the  Archipelago,  sach 
occurrences  are  verj  common.      Sonnini  describes  them  as 
follows :  **  Above  the  high  mountains,  of  which  the  coast  of 
Caramania  is  for  the  mo'st  part  formed,  it  is  not  uncommon  in 
clear  weather,  to  see  a  very  small  black  cloud,  frequently  no 
bigger  in  appearance  than  a  bird.    This  globe  of  vapour  is  ex* 
tremely  agitated ;  at  first  very  small,  it  spreads  all  of  a  sudden, 
contracts,  appears,  and  disappears  at  intervals  above  the  moun- 
tain, and  changes  its  form  every  instant     How  calm  soever  the 
atmosphere  may  be,  a  sudden  and  violent  squall  may  be  ex- 
pected.    At  the  sight  of  these  insulated  clouds,  which  discharge 
the  wind  with  so  much  rapidity  and  vehemence,  that  if  a  ship 
be  not  prepared  for  being  overtaken  by  it,  she  runs  a  great  risk 
of  losing  part  of  her  sails  and  even  her  masts  and  jards.     On 
the  28th  of  October  we  experienced  one  of  these  sudden  squalls, 
after  a  calm  which  had  kept  the  ship  stationary  abreast  of  Cape 
Crie,  a  large  promontory  of  Caramania.     During  this  calm,  a 
numerous  shoal  of  fishes,  cleaving  the  water  level  with  the  sur- 
face, and  even  darting  above  it,  passed  close  to  us  with  great 
rapidity  ;  and  the  agitation  of  these  inhabitants  of  the  depths  of 
the  sea  is  always  a  certain  presage  of  an  approaching  and 
violent  agitation  of  the  atmosphere  and  waters.    A  small  cloud, 
the  precursor  of  the  storm,  had  made  its  appearance  above  the 
premontory ;  it  expanded,  and  we  were  overtaken  by  a  gale  of 
wind,  wliich  compelled  us  to  take  in  our  sails,-  and  continue 
lying-to  during  the  whole  night,  tossed  about  by  short  and  over- 
grown billows."    Bruce  mentions  such  clouds  and  storms  as  of 
daily  occurrenoe  in  Abyssinia. 

Hitherto  we  have  only  described  the  central  part  of  storms, 
or  the  commotion  in  that  part  of  the  atmosphere  which  con- 
tained, the  electric  charge;  but  it  is  evident  the  motion  must  be 
comBBBaicated,  according  to  the  violence  of  the  storm,  to  a  great 
extent  and  circumference.  Dr.  Franklin  took  a  great  deal  of 
paiiis  to  investigate  this  matter  in  a  storm  or  hurricane  which 
oconpred  in  America.  The  central  part  or  hurricane  he  found 
to  hare  been  in  a  mountainous  region,  (the  mountains  of  the 
United  States  though  low  are  chiefly  primitive,)  and  that  at  a 
certain  distance,  the  winds  blew  to  this  region  as  a  centre  of 
motion^  th«s  forming  a  circle; — and  the  radii  he  found  to  be 
about  100  miles,  beyond  which  distance  the  wind,  if  any,  was 
sot  move  than  a  gentle  breeze.  The  small  hurricanes  or  torna- 
does of  ilbe-East  Indies  extend  over  a  diameter  of  about  120 
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miles.  The  aurora-borealis  we  have  described  as  a  discharge  of 
the  electric  fluids,  and  though  the  charges  are  less  intense  than 
in  the  warmer  climates ;  yet  they  are  extended  over  a  moch 
larger  space,  and  the  fluids  seem  to  be  equal  or  even  more 
abundant  in  quantity :  consequently,  it  is  remarked,  that  the 
northern  ligkU  are  always  succeeded  by  a  southerly  wind.  When 
they  have  been  very  brilliant,  this  wind  becomes  a  tempest ;  a 
circumstance  well  known  to  mariners  who  traverse  the  Atlantic 
ocean  in  the  latitude  of  Europe. 

Should  the  nucleus  of  the  storm  or  the  union  of  the  electric 
fluids  be  eastward  of  us,  we  shall  have  a  west  wind.  If  S.  £.  a 
N.  W.  On  the  contrary,  if  the  union  be  to  the  westward,  we 
shall  have  an  easterly  wind ;  if  it  incline  to  the  N.  the  wind 
will  incline  to  the  S.  and  if  S.W.  then  the  wind  will  be  N. 
£.  Should  we  be  near  the  combination,  we  shall  not  onlj 
have  a  strong  wind  but  rain  too ;  and  if  at  the  centre,  we  shall 
have  a  calm,  occasionally  interrupted  by  sudden  gusts,  blowing 
in  various  directions.  When  in  a  strong  wind  we  see  the 
clouds  collect  to  leeward,  we  may  then  conclude  that  the  place 
of  union  is  fast  advancing  towards  us,  and  may  be  sure  that  a 
calm  and  rain  will  shortly  tollow.  Also  in  a  calm  with  heary 
rain,  when  the  wind  begins  to  blow,  we  may  conclude  that  the 
storm  is  either  spent  or  its  nucleus  is  receding  to  a  greater 
distance,  and  that  we  shall  shortly  have  fair  weather.  When 
we  find  the  wind  varying  and  without  rain,  as  it  frequently  does 
when  the  electrified  vapours  are  merely  collecting,  at  which 
time  the  mercury  in  the  barometer  falls,  we  may  expect  rain. 
But  although  a  great  part  of  the  materials  of  the  storm  maj  be 
collected  around  us,  and  the  weather-glass  may  be  very  low  on 
the  eastern  coasts  of  the  island  for  instance ;  yet  the  whole 
may  be  discharged  on  the  primitive  and  transition  mountains  of 
the  western  side,  when  we  shall  only  have  a  brisk  easterly 
wind. 

As  the  electric  charges  are  principally  among  the  vapours, 
which  are  thus  collected  into  clouds,  the  air  therefore  in  winds 
caused  by  a  distant  storm,  may  not  exhibit  any  signs  of  electri- 
city ;  but  as  on  such  occasions  the  positive  clouds  are  gathered 
from  an  immense  distance,  hence  previously  to  strong  winds  we 
may  frequently  see  a  very  rapid  motion  of  the  clouds,  while  the 
air  at  the  earth's  surface  is  still. 

Hurricanes,  we  have  already  said,  are  always  to  be  found 
among  primitive  mountains,  or  such  as  exhibit  something  of  a 
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Toloanio  natare.  In  the  East  Indies  they  are  said  to  occur 
once  in  fire  years  : — per&aps  the  earth  is  capable  of  holding  no 
more  than  is  collected  in  this  time.  In  the  West  Indies  where 
tornadoes  prevail,  they  have  no  hurricanes ;  and  it  has  been 
remarked  in  Jamaica,  that  when  they  have  wind  they  have  no 
hurricanes; — these,  in  both  cases,  discharging  the  electric  fluids 
before  they  attain  sufficient  intensity  for  the  more  violent 
paroxysms.  Hurricanes  also  generally  occur  about  a  month 
after  the  sun  has  left  the  zenith  :  the  direct  solar  rays,  increasing 
the  conducting  power  of  the  atmosphere  according  to  the  heat, 
and  also  the  moisture  which  prevails  at  this  time,  liberate  the 
electric  fluid  from  the  earth ;  but  when  he  retreats,  the  earth's 
surface  becomes  dry,  and  the  air  loses  its  conducting  power, 
and  then  the  electric  fluid  rapidly  accumulates. 

The  Storm  Gias$  is  a  curious  contrivance  for  exhibiting  the 
intensity  of  the  electric  charge  of  the  earth's  surface,  and  the 
consequent  change  of  weather  depending  thereon.  Take  two 
drachms  of  camphor,  half  a  drachm  of  purifled  nitre,  and  half 
a  drachm  of  purified  ammonia,  pulverize  them,  and  dissolve 
them  in  two  ounces  of  proof  spirit.  Put  the  mixture  in  a  glass 
bottle  or  tube  about  ten  inches  long  and  three-quarters  of  an 
inch  diameter,  the  mouth  of  which  must  be  covered  with  a 
piece  of  bladder,  perforated  with  a  needle ;  then  hang  it  up 
against  some  conducting  substance  that  communicates  with  the 
ground.  When  there  is  no  electric  charge  in  the  earth's  sur- 
face, which  is  the  case  in  fine,  calm,  and  settled  weather,  the 
solid  matter  of  the  composition  subsides  to  the  bottom  of  the 
tube,  and  the' liquid  remains  clear.  But  when  a  charge  begins 
to  collect  previously  to  a  change  for  rain,  the  compound  gradu- 
ally rises,  and  small  stars  float  about  in  the  fluid,  which  however 
still  continues  pellucid.  Twenty-four  hours  before  a  storm  or 
very  high  wind,  it  will  be  partly  on  the  surface  of  the  fluid  appa- 
rently in  the  form  of  a  leaf,  while  the  fluid  is  thick,  and  as  if  in 
a  state  of  fermentation.  During  winter,  when  small  meteors 
are  gliding  about  in  the  ethereal  regions  of  the  atmosphere,  and 
especially  when  white  frosts  or  snows  prevail,  the  composition 
is  remarkably  white,  and  somewhat  higher  than  usual;  while  in 
fine  hot  weather  in  summer,  it  subsides  closely  to  the  bottom. 
Lastly,  as  the  composition  is  charged  negatively,  it  will  be 
repelled  from  the  nucleus  of  the  earth's  charge,  or  that  point 
towards  which  the  wind  will  blow;  and  will  consequently  be 
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arranged  chiefly,  at  that  side,  from  which  the  wind  will  rise,  so 
that  we  may  always  know  where  the  storm  will  be  the  most 
severe, 

12.-  ATMOSPHBRIC  TEMPBRATDRB. 

Wb  have  already  described  the  primary  laws  of  atmospheric 
temperature  as  depending  on  the  rays  of  the  son ;  and  offered 
some  observations  on  the  nature  of  the  earth's  surface  with 
respect  to  generating  and  absorbing  heat  We  therein  re* 
ferred  to  the  excessive  cold  that  prevails  on  the  tops  of  high 
mountains,  which  perhaps  may  seem  to  vary  from  what  we  have 
now  to  state,  vit.  that  bodies  electrified  negatively  are  heated 
more  rapidly  when  exposed  to  the  solar  rays,  than  when  they 
are  either  not  charged  or  charged  positively.  Now  the  sum- 
mits of  high  ittoumtains  are  almost  always  charged  negativelj, 
while  the  adjoining  valleys  are  in  a  state  of  indifference  : — ^it 
might  therefore  be  expected  that  the  tops  of  mountains  would 
acqofre  a  much  higher  temperature  than  the  valleys,  but  we 
find  the  reverse  to  be  the  case.  However  this  by  no  means 
affects  the  stability  of  our  theory ;  for,  was  the  atmospheric  air 
of  the  same  density  on  the  summits  of  mountains,  that  it  is  at 
their  feet;  and  could  we  prevent  the  circulation  of  the  air,  as  it 
is  prevented  on  the  side  of  the  mountain  and  the  plane  of  the 
earth,  we  should  then  have  our  full  proportional  increase  of 
temperature. 

To  determine  this  question,  M.  Saussure  instituted  a  set  of 
experiments  upon  the  Alpine  mountains  near  the  lake  Genera, 
and  ascertained  that  a  body  at  an  elevation  of  1670  yards,  when 
exposed  in  the  open  air  to  the  sun's  rays,  lost  14  deg.  of  tempera- 
ture ;  when  partly  exposed,  it  lost  tf  degrees;  but  when  entirely 
defended  from  the  circulation  of  the  air,  and  exposed  to  the  full 
solar  rays,  it  gained  one  degree  of  thermometric  heat,  and  Chat 
without  making  any  allowance  for  the  aerial  rarefaction  of  diis 
elevation.  May  not  the  very  radiant  appearance,  which  the 
summits  of  some  of  the  lunar  mountains  present,  be  partly  ow- 
ing to  something  of  this  kind  ? 

Atmospheric  temperature  depends  a  great  deal  on  the  winds. 
The  earth  is  negative,  and  a  positive  wind  therefore  produces  heat; 
for  not  only  does  the  positive  fluid  unite  at  the  place  where  we 
are^,  and  produce  caloric  around  us,  but  the  wind  also  brings  diat 
which  it  has  created  to  the  windward  of  us,  brushing  it  orer 
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Che  ffce  of  the  earth;  and  as  the  positive  wiad  is  generally  from 
the  south,  so  a  south  wind  is  proverbially  warm.  On  the  same 
principle  a  north  wind  is  synonymous  with  cold,  since  it  is  a 
prevalence  of  the  same  fluid  with  that  of  the  earth,  and  can 
produce  no  caloric.  The  temperature  of  the  collateral  winds 
must  be  very  various.  For  while  a  south  wind  is  positive  and 
the  north  negative,  the  winds  from  due  east  or  due  west  will 
sometimes  be  negative  and  sometimes  positive ;  and  at  other 
times  the  wind  will  be  from  these  points  when  the  outskirt  of 
the  union  is  there,  the  centre  being  at  the  contrary  side  of  us ; 
therefore,  not  only  the  winds  from  the  east  and  west,  but  ako 
from  the  adjoining  points  of  the  compass  will  be  extremely 
various  as  to  temperature,  just  as  the  one  or  the  other  of  the 
fluids  prevail. 

The  abore  theory  will  explain  a  number  of  circumstances 
respecting  the  weather,  and  enable  us  to  discover  many  prog- 
nostics of  its  changes.  We  frequently  have  a  northern,  cold, 
frosty  wind  in  the  morning,  which,  in  the  afternoon,  is  succeeded 
by  a  warm  south  wind.  The  negative  fluid  of  the  earth  had 
accumulated  in  the  lower  regions  of  the  air  during  the  night,  so 
that  the  union  of  the  two  took  place  to  the  south  of  us,  but  by 
the  rays  of  the  sun  the  positive  is  reinforced,  and  this  place  of 
union  recedes  northward. 

The  air  is  almost  always  colder  at  sun -rise  than  at  any  other 
time,  so  much  so  that  we  frequently  have  a  smart  frost,  when 
all  the  night  has  been  comparatively  warm.  Now  the  electri- 
city of  the  earth's  surface  is  weakest  daring  the  night,  becomes 
stronger  at  sun-rise,  and  increases  through  the  forenoon  in  pro- 
portion to  the  positive  fluid,  as  stated  in  seel.  Here  we  have  the 
c^use  of  the  cold  which  prevails  at  sun-rise.  No  sooner  do  the 
solar  rays  come  within  a  certain  distance  of  us,  or  strike  the 
upper  regions  of  the  air,  than  electricity  is  excited,  that  is,  is 
drawn  off  from  the  earth  to  meet  the  solar  rays  in  the  higher 
regions  of  the  atmosphere.  The  air  at  the  earth's  surface  is 
therefore  rarefied  by  becoming  charged  with  the  negative  fluid, 
and  rarefaction  always  produces  col^.  Though  this  extrication 
of  the  electric  fluid  increases  through  the  forenoon,  yet  the  solar 
rays  still  advancing  cause  the  union  to  take  place  on  the  sur- 
face of  the  earth,  so  that  what  caused  cold  before,  now  produces 
a  proportional  quantity  of  heat.  As  the  electric  charge  of  the 
earth  is  continually  varying,  when  the  charge  is  greatest,  this 
morning  cold  will  be  in  proportion;  consequently,  we  frequently 
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have,  on  such  occasions,  a  smart  hoar-frost,  followed  hy 
a  scorching  sun.  But  when  the  earth  is  thus  charged » the 
atmosphere  under  the  sun  is  positively  charged,  and  there- 
fore, when  he  advances  towards  the  meridian,  the  charges  hegin 
to  unite :  hence  we  almost  invariably  find,  that  such  frosts  are 
succeeded  by  rain  in  some  part  of  the  day. 

On  the  last  stated  principle  depend  a  number  of  curious  phe- 
nomena.    Many  caverns  are  very  remarkable  for  being  warm 
in  winter  and  cold  in  summer — we  do  not  mean  comparative 
temperature,  but  real.     For  some,  during  snmmer,  are  hung 
with  icicles,  while  their  temperature  in  winter  is  far  above  the 
freezing  point.       Now  in    winter  the    atmosphere    generally 
abounds  in  negative  clouds  and  the  principal  combination  is  in 
the  lower  regions  of  the  air,  while  in  summer  the  negative  fluid 
is  principally  in  the  earth,  and  the  combination  is  at  the  surface ; 
the  surface  of  the  earth  or  summit  of  the  mountain  immediately 
above  these  caverns  is  in  summer  charged  negatively,  while  in 
winter  it  is  not  so.     Now  these  caverns  are  in  mountains  where 
rents  by  subsidences  have  taken  place;  and  as  we  have  stated 
page  4L0,  that  the  earth's  internal  temperature  increases  as  we 
descend,  so  these  caverns  attain  somewhat  of  this  temperature 
in  winter,  while  in  summer  it  is  carried  off,  if  not  by  the  pas- 
sage of  the  electric  fluid,  it  is  by  the  great  heat,  (produced  on 
the  surface,  both  by  the  rays  of  the  sun  and  the  contact  of  the 
positively  charged  air,)  and  the  consequent  great  evaporation  as 
stated  at  page  136.     On  the  same  principle,  in  certain  states  of 
the  atmosphere,  we  find  it  a  great  deal  colder  in  the  house  than 
in  the  open  air  ;  or,  within  doors,  where  there  is  not  a  large 
fire,  we  have  a  cold  raw  air ;  while  out  of  doors,  is  a  fine,  warm, 
fresh  breeze.      On  this  occasion   the  house  is  charged  nega- 
tively, and  the  electric  fluids  combine  oa  the  external  surface ; 
and  thus  the  inner  rooms  become  like  the  caverns  in  summer. 
Also,  when  the  atmosphere  contains  vertical  negative  clouds,  or 
the  lower  regions  of  the  air  are  negative  we  always  hare  cold 
weather ;  hence  the  cold  that  precedes  earthquakes.     While  in 
summer  or  in  clear  weather,  when  a  positive  cloud  passes  the 
zenith^  the  thermometer  immediately  rises  a  degree  or  twa 
So  likewise  when  the  air  is  charged  with  positive  clouds,  we 
have  close  and  warm   weather ;  if  in  summer  as  before  thun- 
der, it  is  hot  and  sultry.     But  when  the  fluids  are  discharged  as 
after  rain  or  thunder,  we  always  have,  if  the  atmosphere  is  per- 
fectly exhausted,  a  clear  air,  with  a  bracing  wind. 
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It  is  a  well  established  fact,  that  the  climate  of  Europe  has 
undergone  a  considerable  change  within  these  two  or  three  last 
centuries; — ^the  winters  are  not  so  severe,  and  the  summers  are 
Dot  so  hot.  Now  about  160  years  ago,  the  magnetic  pole  was 
directly  north  of  us ;  and  in  the  two  or  three  preceding  cen- 
turies, it  was  traversing  the  northern  parts  of  Europe.  We 
have  already  stated  our  supposition,  that  positive  charges  pass 
from  the  torrid  zone,  and  consequently  negative  also  by  induc- 
tion, and  are  concentrated  around  the  north  magnetic  pole; 
now  should  this  be  the  case,  there  would,  then,  be  more  nega- 
tive electricity  in  the  lower  regions  of  the  air  in  winter,  and  more 
positive  in  summer,  and  we  should  have  the  above  stated  extremes 
of  temperature.  The  north  magnetic  pole  has  now  emigrated  to 
North  America ;  and  our  hypothesis  requires,  that  we  should 
find  the  same  effects,  at  present,  in  that  continent,  which  we 
suppose  it  to  have  produced  in  Europe.  The  one  extreme  viz. 
the  severity  of  winter,  requires  no  comment,  for  it  is  amply 
established  ;  and  there  are,  we  think,  sufficient  data  to  account 
for  the  heat  of  summer  not  corresponding  thereto. 

In  Chap.  VII.  s.  12,  we  stated  the  great  inequality,  between 
the  temperatures  of  the  two  continents,  and  described  the 
intensity  of  cold  that  reigns  in  each  extremity  of  the  American 
continent.  Now,  when  the  nature  of  the  surface  of  each  conti- 
nent is  examined  with  reference  to  the  electric  principles,  we 
shall  find  sufficient  cause  for  the  excess  of  cold  in  America. 
All  the  eastern  parts  may  be  generally  considered  as  consisting 
of  the  summits  of  primitive  mountains,  while  the  western  side 
contains  the  most  elevated  and  most  extensive  range  of  volcanic 
mountains  in  the  world  :  consequently,  the  electric  fluids  must 
abound  much  more  in  the  atmosphere  of  this  continent,  than  on 
the  old  continent,  which  has  two  thirds  of  its  surface  composed 
of  secondary  formations :  and  therefore  the  climate  must  occa- 
sionally be  much  more  intensely  cold.  To  begin  with  the 
southern  point  of  America:  the  island  of  Terra  del  Fuego,  and 
around  the  Straits  of  Magellan,  is  one  scene  of  volcanic  ruin, 
named  by  Cordova,  "The  Ruins  of  a  former  World"  and  by 
others  the  '*  Desolation  of  the  South.''  Even  in  summer,  it  is 
not  uncommon  to  pass  15  or  20  days  together  without  a  sight  of 
any  heavenly  body ;  while  a  storm  is  perhaps  all  the  while  break- 
ing on  the  summits  of  the  mountains.  And  throughout  the 
whole  range,  the  Andes  are  continually  attracting  the  positively 
charged  clouds^  and  exhausting  the  atmosphere  of  the  positive 
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flnid  ;•  -and  here  are  harricaoes  continaallj  spending  themaelTes, 
while  the  mountains  are  also  occasionally  charging  the  air  nega^ 
lively,  and  dispersing  it  in  cold  gusts  to  Uie  lower  regions.  The 
lower  regions  also,  as  throughout  Brazil,  and  the  United  States 
are  principally  composed  of  primary  districts,  which  develope 
a  great. deal  of  the  negative  fluid,  while  the  positive  is  drawn  off 
to  the  Andes.  In  the  torrid  zone,  these  currents  of  air,  thereby 
occasioned,  are  called  refreshing  breezes ;  but  in  the  temperate 
zones,  they  are  the  promoters  of  intense  cold. 

High  trees,  with  which  America  abounds,  have  a  great  effeet 
in  emptying  the  atmosphere  of  the  positive  electric  flnid.  As 
storms  are  perpetually  spending  their  fury  on  the  summita  of 
the  Andes;  so  in  the  woods,  at  the  greatest  distance  from  these 
mountains,  it  thunders  almost  continually.  In  Guiana  the  rminy 
season  has  been  shortened,  and  the  warmth  greatly  increased 
by  cutting  down  the  woods.  Vegetables,  as  explained  in  Chiqp. 
XVIIl.  also,  independently  of  the  above  process  of  serving  as 
conductors,  exhaust  the  air  of  the  the  positive  fluid :  hence  the 
wind  is  always  colder  to  the  leeward  of  plantations  than  to  the 
windward.  But  as  this  superabundance  of  the  electric  fluids 
will  occasionally  cause  a  corresponding  increase  of  tempermtnre 
where  the  soil  is  cultivated,  so  vegetation  in  some  parts  of 
North  America  is  often  much  more  rapid  than  in  Europe*  But 
as  the  hottest  day  will  be  when  the  negative  fluid  most  aboiiiids» 
to  the  northward ;  so  during  the  absence  of  the  sun,  a  stream  of 
air  will  sometimes  rush  southward,  producing  a  frost  that  nuns 
all  the  produce  of  the  preceding  fine  weather. 

The  above  will  appear  in  a  stronger  light  if  we  take  a  Tiew  of 
some  of  the  winds  which  accasionally  prevail  on  the  old  conti- 
nent; where  instead  of  an  elevated  range  of  volcanic  mtMintaiiia, 
and  a  surface  of  primary  formations,  interspersed  with  forests 
of  tall  trees,  we  have  a  desert  of  burning  sands.  Jtiere,  in  the 
first  place,  we  find  the  wind,  called  the  Harmattan,  blowing 
from  the  African  Desert.  Instead  of  the  air  taking  up  a  load 
of  vapour  wherein  the  caloric  becomes  latent,  it  elevates  a  qiUAp- 
tity  of  dry  sand,  which  obscures  the  sky  and  causes  the  aiio» 
when  viewed  through  it,  to  appear  as  shorn  of  his  beams,  awl  of 
a  violet  colour.  The  violence  of  the  heat  is  said  to  be  equal  to 
that  of  an  oven  when  the  bread  is  withdrawn ;  and  so  dry  b  the 
wind,  that  it  parches  and  shrivels  up  the  skin;  water  sprinkled 
on  the  floor  ts  evaporated  in  a  few  minutes,  and  plants  are  imu 
mediately  stripped  of  their  verdure.    This  wind,  is  in  Bgypt, 
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caUed  the  Khumseeiior  wind  of^fiftj  days;  because  it  blows  in 
the  fifty  days  immediately  after  the  stin  has  come  to  this  side  of 
the  equator,  or  rather  because  they  suppose  it  precedes  the 
overflowing  of  the  Nile  by  fifty  days.  It  always  blows  from 
the  south ;  its  motion  is  rapid,  but  it  is  not  very  hot  till  it  has 
continued  for  some  time.  It  usually  lasts  three  days ;  but  is 
altogether  insupportable  if  it  continue  beyond  that  time,  and  it 
is  the  most  dangerous  when  it  blows  in  squalls.  The  Harmat- 
tan  on  the  Gold  Coast  is  represented  by  some  as  very  salubrious, 
by  others  as  the  contrary.  When  the  atmosphere  is  dry,  and 
it  blows  over  a  dry  surface,  this  wind  is  positive,  that  is,  the 
negative  keeps  beneath  the  surface  of  the  earth ;  and  on  this 
occasion  the  wind  is  salubrious ;  but  on  the  contrary,  when  it  is 
attended  by  rain  or  fog,  or  it  blows  immediately  after  rain,  or 
over  marshy  grounds  and  moist  situations,  then,  the  negative 
flaid  is  no  longer  beneath  the  earth's  surface,  but  charges  the 
lower  regions  of  the  air,  which  becomes  very  pestilential.  See 
Chap.  XX.  s.  6. 

But  the  above  wind  sometimes  assumes  a  more  hideous  form, 
and  moves  with  a  more  deadly  efiect ;  for  its  electric  charges 
are  occasionally  concentrated  to  a  focus,  when  it  constitutes  the 
Simoom.  This  phenomenon  seems  to  be  akin  to  our  whirl- 
winds, and  is  a  column  of  the  positive  electric  fluid  moving  from 
the  S.  or  S.£.  northward,  and  is  so  concentrated  that  it  is 
almost  sure  death  to  those  who  breathe  the  baleful  air  it  moves 
in.  When  its  terrific  form  glides  across  the  desert,  there  is  no 
means  of  avoiding  it,  since  it  moves  nearly  as  quick  as  lightning. 
The  only  chance  of  escaping  it,  is,  for  the  traveller  to  throw 
himself  flat  on  his  face,  which  he  has  not  always  time  to  do. 
But  Bruce's  ardent  mind  was  not  to  be  diverted  from  the  attain- 
ment of  knowledge  by  the  presence  of  danger.  On  the  atten- 
dants calling  out  that  the  Simoom  was  coming,  he  immediately 
turned  for  a  moment  to  the  quarter  whence  it  came.  It  resem- 
bled a  haze,  in  colour  like  the  purple  part  of  the  rainbow,  but 
not  so  compressed  or  thick;  it  was  a  kind  of  blush  upon  the  air; 
and  was  about  twenty  yards  in  breadth  and  about  four  from  the 
ground.  Its  motion  was  so  rapid  that  before  he  could  turn  and 
fall  upon  the  ground,  he  felt  its  violent  heat  upon  his  face.  It 
passed  like  a  gentle  ruffling  wind,  but  was  succeeded  by  a  slight 
breeze,  which  for  two  or  three  hours,  was  of  such  intensity  of 
heat  as  nearly  to  suffocate  them.  Bruce  unfortunately  inhaled 
a  little  of  the  purple  haze,  which  nearly  deprived  him  of  his 
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voice,  and  caased  an  asthina  of  two  yean'  continuance.  They 
snw  it  twice  afterwards  as  they  journeyed  across  the  desert. 
The  second  time  it  was  more  southerly,  its  edges  were  less 
defined,  resembling  a  thin  smoke,  and  it  had  about  a  yard  in 
the  middle  tinged  with  purple  and  blue.  The  third  time  it  had 
the  same  purple  and  blue  appearance,  but  was  preceded  by  the 
largest  sand  pillar  they  had  seen. 

The  Samiel,  or  Samyel  is  a  still  more  deadly  blast,  and  seems 
to  be  a  body  of  the  negatife  electricity.  It  is  peculiar  to  the 
desert  of  Arabia,  coming  from  the  N.  W.  and  usually  occurs  in 
the  months  of  July  and  August.  Some  years  it  will  blow  8  or 
10  times,  and  in  others  not  at  all.  It  often  passes  with  the 
quickness  of  lightning;  seldom  continues  more  than  a  few 
minutes ;  and  sometimes  extends  to  the  very  gates  of  Bagdat» 
but  ncTer  affects  any  one  within  the  walls.  The  only  warning 
of  its  approach,  is,  when  with  a  clear  sky,  a  thick  blue  haze  is 
seen  rising  out  of  the  horizon.  It  is  said  to  leave  a  sulphuroiis 
smell  behind  it  When  the  Arabs  or  Persians  see  it  approach, 
they  throw  themselves  flat  upon  their  faces  on  the  ground ;  and 
when  it  is  over,  which  is  almost  in  an  instant,  they  get  up  and 
look  about  for  their  companions.  If  any  one  be  motionless, 
they  take  him. by  a  leg  or  arm,  and  jerk  him  with  some  violence, 
when,  if  he  has  had  the  full  force  of  the  blast,  the  limb  sepa- 
rates from  the  body ;  if  not,  animation  is  generally  restored  by 
forcing  perspiration.  With  such  a  wind,  it  is  supposed.  Sen* 
nacherib's  army  was  destroyed.  See  2  Kings,  c.  19,  v.  35,  and 
Isaiah,  c.  37,  v.  36. 

But  independent  of  the  above  winds,  whose  general  direction 
seems  to  have  some  connection  with  the  magnetic  meridian,  the 
volcanic  districts  have  winds  peculiar  to  themselves.  There  is 
a  remarkable  wind,  mentioned  by  Bake  well,  occasionally  blow- 
ing from  a  certain  part  of  Cross  Fell.  It  appears  as  if  it  issoed 
from  the  internal  parts  of  the  mountain,  is  attended  by  a  roar- 
ing noise,  blows  towards  the  lower  regions,  and  is  always  cold 
and  very  disagreeable.  Such  winds  are  common  among  the 
Alps,  and  in  other  primitive  districts ;  and  are  most  probably 
occasioned  by  the  great  quantity  of  the  negative  electric  fluid, 
which  abounds  in  the  summits  of  the  mountains,  and  which 
charges  the  air,  and  disperses  it  around.  The  Sirocco  prevails 
in  Italy,  Sicily,  Greece,  and  Indostan,  all  which  districts  are 
volcanic.  This  wind  seems  positive,  and  is  the  air  attracted  at 
certain  seasons  when  the  negative  fluid  most  abounds  in  the 
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smnniiU  of  these  mountains,  towards  'these  negative  regions. 
It  is  not  foand  on  the  Mediterranean,  but  is  often  very  bad  at 
Palermo,  though  much  worse  at  Naples.  All  these  mountains, 
both  throughout  Europe  and  Asia,  have  their  periodical  winds, 
which  are  at  certain  seasons  negative,  and  at  others  positive ; 
when  they  blow  in  different  directions.  They  are  always  dis- 
agreeable, but  are  occasionally  pestilential. 

From  April  to  July,  two  very  extensive  strata  of  clouds,  are 
seen  to  pas^  over  Upper  Egypt  in  opposite  directions.  The 
one  is  negatively  charged,  and  passes  from  the  north  to  the 
regions  of  Abyssinia ;  where  its  vapours,  being  precipitated  by 
coming  in  contact  with  the  positively  charged  clouds  of  the 
torrid  zone,  cause  the  overflowing  of  the  Nile.  On  the  con- 
trary, the  upper  stratum  is  positive ;  and  is  attracted  from  the 
torrid  zone  to  the  mountains  of  Armenia,  which  are  a  range  of 
volcanic  productions,  and  are  always  therefore  charged  nega- 
tively; its  load  of  vapours  is,  consequently,  thereon  precipitated, 
which  causes  the  periodical  overflowing  of  the  Euphrates, 
and  some  minor  rivers,  that  have  their  origin  among  these 
mountains. 

The  above  shews  the  utility  of  mountains,  hills,  and  trees,  so 
as  to  form  the  electric  circuit ;  for  though  in  America  there  are 
too  many  trees,  so  that  the  air  is  too  much  exhausted  of  its  posi- 
tive fluid,  yet  in  Africa  where  there  are  none,  the  positive  con- 
tinues at  so  great  a  height  that  the  air  retains  its  vapour.  And 
diough  there  are  negative  clouds  over  the  Egyptian  plains,  yet 
these  do  not  present  such  a  concentrated  charge  to  the  upper 
stratum  as  that  mustered  on  the  summit  of  a  hill,  which  will 
sometimes  cause  positive  clouds  to  descend  vertically  from  the 
highest  regions  of  the  atmosphere.  A  whole  stratum,  therefore, 
of  such  clouds  may  be  attracted  downwards  by  a  negatively 
charged  island ;  but  will  be  made  to  precipitate  their  vapours 
more  copiously  in  particular  places,  by  the  agency  of  hills  and 
trees,  which  act  as  the  metallic  spikes  in  the  prime  conductor. 
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Vegetable  Substances* 


1.  OrOANIZBD  BODIBS.       %   VbGETABLB  PsODUCnom.       3.   FBRBUOITATIOIi. 

4.  Distillation. 


1.  ORGANIZED  BODIBS. 

We  havB  hitherto  been  treating  of  mineral  sabstances,  and 
such  combinations  as  are  effected  by  the  mere  electric  energies; 
it  remains  that  we  should  now  examine  Organized  Bodiet,  that 
is,  such  substances  as  are  not  merely  formed  by  the  abore  ener- 
gies only,  bat  are  also  elaborated  by  another  principal,  Tiz. 
LiFB.  This  imposes  on  the  electric  energies  new  regulations, 
apparently  causing  them  to  form  disproportionate  combinations, 
or,  in  some  instances,  to  suspend  their  powers:  hence  the 
rapid  tendency  of  some  organic  bodies  to  decomposition  as  soon 
as  the  vital  principle  becomes  extinct.  What  this  new  principle 
is,  we  cannot  even  form  a  conjecture,  much  less  are  we  able  to 
explain.  The  only  thing,  therefore,  aimed  at  in  the  following 
pages,  is,  to  point  out  its  connective  medium  with  matter,  its 
channels,  its  instruments ;  and,  in  some  cases,  the  manner  in 
which  it  flows  along  the  channels,  and  uses  the  instruments  so 
as  to  form  that  medium. 

Organized  bodies  are  divided  into  two  classes  anmud  and 
vegeiabie*  They  are  said  to  be  organized,  because  their  com- 
ponent materisJs  are  so  disposed,  that  innumerable  channels 
are  found  among  them,  along  which  fluids  pass  either  to  convey 
a  fresh  supply  of  materiak  to  enlarge  the  body,  or,  to  carry  off 
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sirch  particles  as  hare  performed  their  office.  The  main-spring 
of  this  circulation  is  Life^  which  generally  has  its  principal  seat 
at  some  central  part,  whence  the  channels  proceed  that  main- 
tain a  communication  with  the  whole.  When  life  quits  its 
residence,  this  circulation  ceases ;  or  when  this  circulation  is 
stopped,  by  catting  off  the  circulation  between  its  parts,  then 
life  also  becomes  extinct. 

All  substances  are  divided  by  Naturalists  into  three  king- 
doms :  mineral,  vegetable,  and  animal ;  and  Linaeus  thus  dis- 
tinguishes them:  stones  grow;  vegetables  grow  and  live;  and 
animals  grow,  Htc  and  feel.  How  far  stones  may  be  said  to 
grow  may  be  judged  of  from  some  of  the  preceding  chapters, 
especially  Chap.  XII.  sec.  15;  from  which  it  appears,  that  the 
word  grow  as  applied  to  stones  or  minerals,  only  means  an 
external  enlargement,  or  encrustation,  without  any  communica- 
tion with  the  internal  parts. 

2.   VBOETABLB  PRODUCTIONS. 

It  might  seem  the  most  natural  plan  to  begin  with  soil,  or 
the  pabulum  of  plants  and  thence  proceed  to  their  germination ; 
but  experience  will  prove  that  the  best  method,  is,  first,  to  treat 
of  their  elements;  then,  the  compound  substances  found  in 
them;  afterwards,  their  decomposition,  and  the  various  sub- 
stances formed  thereby ;  and  lastly,  to  offer  such  remarks 
respecting  the  laws  of  vegetation,  as  philosophy  has  enabled  us 
to  make. 

Vegetables  are  principally  composed  of  the  three  elements, — 
oxygen,  carbon,  and  hydrogen.  In  the  green  state  and  in  the 
pulp  or  pericarp  of  fruits,  oxygen  prevails ;  but  when  ripe,  or 
dried,  and  in  all  seeds,  carbon  is  predominant.  But  besides 
these,  there  are  several  of  the  other  simple  substances  casually 
found  in  the  vegetable  kingdom :  of  these  nitrogen  is  perhaps 
the  chief;  iodine  occurs  only  in  marine  plants;  sulphur  and 
phosphorus  are  generally  met  with,  combined  with  lime,  which 
is  the  most  abundant  of  all  the  earths  :  silica  exists  only  in  the 
epidermis  of  some  plants ;  alumina  very  rarely  enters  into  the 
composition  of  vegetables ;  and  magnesia,  though  it  abounds  in 
some  marine  plants,  is  very  uncommon.  Of  the  alkalies,  potas 
is  found  in  most  inland  plants,  especially  in  the  buds  and  young 
leaves ;  while  soda  chiefly  occurs  in  such  as  are  of  marine 
origin.    Of  the  metallic  oxides,  iron  is  the  most  abundant,  the 
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ashes  of  oak  contain  -^  of  it ;  the  oxide  of  manganese  is  also 
ireqaently  met  with.  Bat  ail  of  these  are  perhaps  never  found 
in  the  same  plant ;  some  plants  contain  one,  some  another,  and 
the  quantity  of  each  frequently  varies  in  the  same  species  of 
plants  growing  in  different  soils.  GarUc  seems  to  contain  as 
great  a  variety  as  most  plants  :  when  burnt,  it  leaves  about  one- 
eighth  of  ashes — and  in  172  parts  of  these  ashes  the  foUo^ring 
ingredients  were  ascertained  :  potas  and  carbonate  of  potas  33. 
Sulphate  of  potas  with  some  muriate  58.  Alumina  2.  Phos- 
phate of  lime  15*5.  Oxide  of  iron  1*5.  Magnesia  9.  Lime  14* 
Silica  8.  When  distilled  with  water,  garlic  yields  a  liquor  that 
acts  as  a  blister. 

The  substances  called  vegetable  prodmcHmu  are  such  as  are 
compounded  in  plants,  in  which  they  are  found  while  growing ; 
when  ripe,  or  when  cut  and  dried,  the  principal  of  them  are 
the  following:  1.  Sap.  2.  Mucilage.  3.  Sugar,  honey.  4.  Fe* 
cula,  starch.  5.  Gluten.  6.  Fixed  oil.  7.  Volatile  oiL  8.  Cam- 
phor. 9.  Resin,  wax.  10.  Gum-resins.  II.  Balsams.  12.  Giuii- 
elastic.  13.  Extractive  or  colouring  matter.  14»  Tannin. 
15.  Woody-fibre.  16.  Vegetable  acids,  with  several  others  that 
might  be  particularized. 

1.  Sap*  This  is  the  most  important  substance  in  the  Tegeta- 
ble  economy,  since  it  is  the  vehicle  of  all  the  materials  thatfona 
the  plant,  performing  nearly  the  same  office  as  blood  in  animals. 
It  principally  consists  of  water  and  carbonic  acid,  which  rise 
from  the  roots  to  the  branches  and  leaves,  charged  with  the 
bases  of  all  the  earthy  substances  found  in  the  plant,  and  which 
the  roots  pump  up  from  the  soU.  It  is  ascertained  that  sap 
never  descends.  The  various  organs  of  the  plant  secrete  the 
hydrogen  and  carbon  of  the  water  and  acid,  which  are  decom- 
posed by  the  vegetative  process;  elaborate  them  with  their 
other  ingredients  into  their  composition,  and  send  forth  the 
superfluous  oxygen  as  gas  to  renew  the  vital  air  of  the  at- 
mosphere. The  composition  of  sap  must  therefore  vary  ia 
different  plants,  as  well  as  in  the  same  species  of  plants  grown 
in  different  soils. 

2.  Mucilage,  mucus,  or  gum  is  a  glutinous  matter,  secreted 
from  the  sap;  and  when  in  excess,  exuding  from  trees  and 
hardening  by  evaporation  upon  their  outsides.  Almost  all  fruit 
trees,  but  especially  the  plumb,  yield  some  sort  of  gum.  But 
that  which  produces  the  gum  arabic  is  a  species  of  the  acacia 
growing  in  Arabia;  it  is  also  procured  from  a  species  of  the 
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mimosa,  particularly  the  nilatica.  The  natives  make  incisions 
in  the  bark,  and  obtain  a  large  quantity,  which  forms  a  great 
part  of  their  food  and  a  considerable  portion  of  their  commerce. 
It  is  composed  of  23  carbon,  11  hydrogen,  66  oxygen,  1  nitro- 
gen, with  a  little  phosphate  of  lime. 

3.  Sugar,  though  ready  formed  in  some  plants,  is  not  found 
in  a  simple  state,  but  always  mixed  with  gum,  sap,  and  other 
ingredients.  It  is  to  be  met  with  in  every  vegetable,  but 
abounds  the  most  in  roots  and  fruits,  yet  the  stem  of  the  sugar- 
cane contains  more  than  any  other  plant.  Sugar  has  been 
obtained  from  parsnips,  carrots,  the  beet-root,  and  all  sweet 
roots ;  but  the  process  is  tedious ;  the  quantity  obtained,  small; 
and  it  always  retained  a  peculiar  taste.  The  composition  of 
sugar  is  64  oxygen,  28  carbon,  8  hydrogen.  Honey  is  a  mixture 
of  saccharine  matter  with  gum. 

Sugar  is  obtained  from  sugar-canes  by  bruising  them,  and 
pressing  out  their  juice  between  two  iron  rollers.  The  juice  is 
then  boiled  with  lime  water,  which  causes  a  scum  to  rise  to  the 
surface,  and  the  clarified  liquor  is  let  off  below,  and  evaporated 
to  a  certain  consistency.  After  which,  it  is  suffered  to  cool  and 
crystallize  in  a  vessel  with  a  kind  of  filter  at  the  bottom  to 
permit  the  syrup  to  drain  off.  It  is  now  muscavado,  moist  or 
brown  sugar ;  and  the  syrup  is  called  moUusei  or  treacle.  It  is 
farther  refined  to  convert  it  into  lump-sugar.  This  is  done  by 
dissolving  it  with  water,  and  blending  it  with  albumen,  an 
animal  substance  chiefly  found  in  the  white  of  eggs  and  in 
bloody  so  that  eggs  land  bullock's  blood  are  mostly  used  for  this 
purpose.  The  albumen  combines  with  all  the  solid  impurities 
of  the  sugar,  blood,  &c.;  and  rises  with  them  to  the  surface, 
where  the  whole  is  skimmed  off,  and  nothing  remains  but  a 
clear  liquor  consisting  of  pure  sugar.  This  liquor  is  again 
evaporated  to  a  proper  consistency,  and  poured  into  moulds, 
in  which,  by  a  confused  crystallization,  it  forms  loaf-tugar. 
But  another  process  is  still  necessary  to  whiten  it.  For  this 
purpose,  the  open  or  wide  end  of  the  mould  is  closed  with  a 
layer  of  pipe-clay  upon  the  sugar,  through  which  water  is 
made  to  trickle  slowly,  and,  passing  through  the  sugar,  it 
carries  off  the  colouring  matter.  Evaporation  was  once  effected 
by  heat  alone,  but  now  it  is  principally  performed  by  immense 
air-pumps,  worked  by  powerftd  steam-engines^  assisted  only  by 
the  beat  procured  from  steam. 
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4.  Fecula,  farina,  or  flour  is  the  general  name  given  to  tlie 
farinaceous  matter  contained  in  all  seeds,  and  some  roots,  as 
potatoes,  &c.  It  seems  to  have  been  intended  for  the  nourish- 
ment of  the  young  germ  or  plant ;  but  it  has  become,  especially 
that  of  wheat,  the  favorite  food  of  a  great  part  of  mankind. 
Fecula  is  compoanded  of  starch,  gluten,  mucilage,  and  a  little 
saccharine  matter,  but  of  these,  starch  is  the  most  abundant. 

Starch.  If  a  quantity  of  wheat  flour  is  tied  in  a  linen  bag, 
and  suspended  under  a  dropping  of  water,  the  starch  will 
separate  with  the  water  and  leave  the  gluten  behind.  It  may 
also  be  obtained  by  steeping  bran  in  water.  But  the  starch  of 
commerce  is  manufactured  by  steeping  good  wheat  in  cold 
water  till  it  is  soft,  when  the  starch  in  the  form  of  a  milky 
juice  is  squeezed  out  When  tbis  juice  is  permitted  to  stand, 
the  starch  falls  to  the  bottom,  and  the  glutinous  matter  remains 
suspended  in  the  water  and  undergoes  the  alcoholic  and  acetic 
fermentations ;  when  poured  ofi^,  it  is  found  to  contain  phosphate 
of  lime  and  ammonia.  The  starch  is  afterwards  dried  at  a 
moderate  heat,  when  it  splits  into  small  columnar  masses  of 
considerable  regularity:  it  is  composed  of  43*35  car.  6*77  hy. 
49-68  oxygen. 

5.  Gluten,  is  obtained  from  most  vegetable  substances,  though 
it  has  not  been  detected  in  the  potato.  It  is  of  a  sticky,  ropy, 
elastic  nature,  somewhat  resembling  gum ;  though  unUke  that 
substance,  it  is  insoluble  in  water.  Owing  to  the  phosphate  of 
lime  contained  in  this  substance,  wheat  flour  makes  better  bread 
than  any  other.  It  also  contains  nitrogen  and  sulphur,  and 
apparently  bears  a  near  analogy  to  the  animal  substance  jfe/o/tue; 
in  fact,  as  taken  in  different  plants,  it  seems  to  graduate  into 
that  substance.  In  this  latter  sense  it  has  been  called  the 
vegeto-animal  principle.  It  is  supposed  to  constitute  the  most 
nutritious  part  of  the  plant,  to  be  what  chiefly  promotes  fer- 
mentation,— and  it  is  the  principal  constituent  of  yeast. 

6  Fixed  aiU,  Such  oils  are  said  to  be  fixed  as  will  not  eva- 
porate by  heat  without  being  decomposed.  They  are  con- 
tained in  the  seeds  and  kernels  of  plants;  except  olive  oil, 
which  is  produced  in  the  pericarp.  Oil,  with  fecula»  and 
mucilage  composes  the  white  substance  of  all  seeds  and  kemeb; 
and  in  it  is  contained  the  emhryo  plant,  which  it  supplies  with 
aliment,  till  the  root  strikes  into  the  soO.  Olive  oil  is  composed 
of  79  carbon  and  21  hydrogen.     The  fixed  oils  will  not  enter 
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into  combustion  till  they  obtain  a  temperature  of  800  degrees; 
yet,  they  will  absorb  oxygen  at  all  temperatures,  when  they 
become  rancid  by  the  formation  of  sebacic  acid.  Most  vege- 
table oils  contain  mucilage,  and  animal  oils  always  contain 
gelatine;  but  as  mucilage  is  much  more  combustible  than 
gelatine,  which  contains  nitrogen,  so  vegetable  oils  bum  more 
brightly  than  animal.  However  both  may  be  purified  by  boil- 
ing them  with  tannin,  and  the  most  rancid  may  be  cleansed  by 
charcoal. 

Some  oils,  as  linseed,  poppy,  and  nut  oil,  by  the  absorption 
of  oxygen,  are  changed  into  a  kind  of  wax ;  and  they  are  there- 
fore called  drying  oils,  and  are  used  in  painting.  The  red  oxide 
of  lead  is  boiled  in  linseed  oil  to  hasten  the  process,*  when  the 
metal  is  precipitated  and  the  oxygen  combines  with  the  oil. 
This  kind  of  oil  exudes  from  some  plants,  and  forms  a  waxy 
concretion  on  the  outside;  but  some  of  the  fixed  oils,  during 
^e  oxidation,  are  converted  into  carbonic  acid  and  water. 

7.  Volatiie  aiU  are  the  basis  of  all  vegetable  perfumes.  They 
are  called  volatile,  because  they  exhale  at  the  usual  atmospheric 
temperature; — this  property  is  supposed  to  be  owing  to  their 
great  affinity  for  caloric.  The  odour  of  all  plants  or  flowers 
proceeds  from  their  volatile  oil.  It  is  seldom  or  never  found 
in  the  seed,  at  least  in  that  part  which  contains  the  embryo 
plant;  but  is  often  abundant  in  the  rinds  of  fniits,  especially 
the  orange  and  lemon.  In  some  plants  it  is  chieflj  in  the  leaves, 
as  in  mint,  geranium,  and  all  the  sweet  smelling  herbs.  In 
others  it  is  generally  distributed  throughout  all  parts  of  the 
plant,  whether  root,  stem,  or  seed,  as  in  onions  and  garlic.  In 
Ae  sandal  tree  it  exists  in  the  wood;  trom  some  trees  it  exudes 
along  with  the  sap  and  other  ingredients,  that  form  camphor, 
resins,  myrrh,  and  asafoetida. — ^Volatile  oils  are  generally  ob- 
tained by  steeping  the  herbs  in  water,  and  then  distilling  that 
water;  those  used  for  perfumes  are  frequently  distilled  along 
with  alcohol,  as  lavender  water. 

All  insects  have  a  great  dislike  to  vegetable  perfumes  or  aro- 
matic herbs,  which  are  therefore  used  in  museums  to  preserve 
the  stuffed  birds  and  other  animals  from  their  depredations,  and 
ito  doubt  plants  are  preserved  while  growing  by  their  aroma. 
The  leaves  of  firuit  trees  are  sometimes  all  consumed,  while  the 
aromatic  blossoms  remain  untouched.  Travellers^  whose  sleep 
is  molested  by  certain  troublesome  insects,  would  find  protec- 
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tion  in  a  night-dress,  slightly  perfumed  with  Imvender  or  any 
odoriferous  vegetable  most  agreeable  to  themselves. 

8.  Camphor  is  a  ver j  aromatic  substance,  obtained  principallj 
from  the  stem  and  roots  of  the  camphor  tree,  a  species  of  laurel 
which  grows  in  China,  and  other  eastern  countries.  Bat  small 
quantities  have  been  distilled  from  thyme,  sage  and  other 
aromatic  herbs ;  and  it  is  often  found  deposited  in  volatile  oil» 
after  long  standing:  by  some  it  is  considered  a  volatile  oil  in  a 
concrete  state.  It  is  very  volatile  and  inflammable,  insoluble 
in  water,  but  readUy  dissolves  in  oU. 

9.  Resins  are  generaUy  the  exudations  from  trees.  The  most 
common  are  pitch,  tar,  and  turpentine,  which  exude  from  the 
pine  and  6r.  Copal,  mastic,  and  frankincense  are  also  among 
the  resins.  They  are  the  produce  of  trees  in  warm  climates, 
and  seem  to  be  formed  by  volatile  oil  operated  on  by  oxygen. 
For  when  they  are  made  by  art,  volatile  oil  and  oxygen  are 
blended  together,  and  the  products  are  resin,  water,  and  car- 
bonic acid.  Their  chief  use  is  in  varnishes.  Being  dissolred 
in  oil  or  alcohol,  which  hardens  or  evaporates  as  soon  as  laid 
on,  the  resin  remains  as  a  coat  of  varnish. 

Wax  differs  from  resin  in  its  being  formed  from  the  fixed  o3 
of  the  plant,  while  the  resin  is  from  the  volatile,  it  is  composed 
of  82  carbon,  18  hydrogen,  and  a  little  oxygen. 

10.  Gum-resins  are  a  combination  of  gum  and  mucilage, — 
myrrh  and  asafoetida  are  of  this  description. 

11.  Balsam  is  another  variation  of  volatile  oil.  It  consists 
of  a  mixture  of  resinous  juices  and  Benzoic  acid ;  and  is  sop- 
posed  to  be  volatile  oil  converted  into  these  during  its  oxyda- 
tion. 

13.  Gum  elastic,  Caoutchouc  or  Indian  Rubber.  This  is  a 
white,  milky,  gelatinous  fluid,  which  is  obtained  from  two  or 
three  species  of  trees  in  the  East  Indies  and  South  America, 
by  making  incisions  in  the  bark.  In  this  juice,  collected  in 
vessels  as  it  stills  from  the  tree,  are  dipped  pieces  of  dried  day, 
shaped  like  those  Indian-rubber  bottles  that  we  buy,  A  coat 
is  thus  formed  on  the  outside  of  the  mould,  which  acquires  con- 
sistency and  colour  as  it  dries.  These  dippings  are  repeated 
till  the  coat  is  of  a  proper  thickness,  when  the  clay  is  broken 
and  shaken  out.  The  natives  of  these  countries  frequently 
make  boots  and  shoes  of  it,  having  clay  models  for  their  legs  and 
feet — they  are  said  to  be  remarkably  pleasant  and  easy,  water- 
proof, and  very  durahle. 
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13.  ExtracHce  matter,  though  a  general  term,  is  almost  excla- 
siyely  applied  to  the  colonring  matter  of  plants.  Vegetable 
oolonrs  are  less  durable  than  mineral,  which  are  oxygen  and  a 
metallic  base,  while  the  bases  of  the  vegetable  are  carbon  and 
hydrogen.  On  being  exposed  to  the  air,  the  oxygen  enters 
into  a  closer  combination  with  the  hydrogen  which  is  con- 
sequently detached,  when  the  carbon  presents  a  different  colour. 
A  great  many  of  the  colours  used  in  dying  arc  vegetable,  among 
which  are  the  lakes.  Indigo  is  extracted  from  the  plant  Indigo- 
fera  Tinctura  grown  in  Mexico  and  the  East  Indies,  as  also 
from  Woad.  It  is  supposed  to  contain  a  little  nitrogen,  and 
may  be  obtained  in  white  crystals,  that  become  blue  on  expo« 
sore  to  the  air  by  imbibing  oxygen. 

The  art  of  ikying  altogether  depends  upon  chemical  affinities* 
Therefore  should  the  colouring  matter  and  the  substance  to  be 
dyed  consist  of  the  same  elements,  they  will  not  unite,  or  in 
common  language  that  substance  will  not  take  the  colour. 
Hence  linen  and  cotton  cannot  be  dyed  with  vegetable  colours. 
In  such  cases  another  substance  is  introduced  that  has  a  strong 
affinity  for  both  the  colouring  matter  and  the  material  to  be 
died;  and  not  only  must  it  make  the  linen  and  cotton  take  the 
colour,  but  also  cause  them  to  retain  it,  in  washing  and  all  other 
processes  to  which  they  may  be  exposed.  This  third  substance 
is  called  the  mordant.  Alum  ,is  generally  used,  but  sometimes 
tile  alkalies,  and  sometimes  the  oxide  of  tin  or  iron.  Animal 
substances  as  silk,  iur,  and  wool,  will  receive  a  vegetable  colour, 
owing  to  the  nitrogen,  lime  &c.  which  enter  into  their  composi- 
tion, so  that  they  may  be  said  ,to  contain  a  natural  mordant 

14.  Tannin  is  a  vegetable  substance,  forming  the  astringent 
principle  inherent  in  a  great  variety  of  plants,  and  other  vegeta- 
ble productions,  as  nut-galls,  the  rose-tree,  and  port  wine ;  but 
it  principally  exists  in  the  bark,  and  especially  that  of  oak.  The 
following  table  was  calculated  by  Sir.  H.  Davy,  and  contains 
the  quantity  extracted  from  480  lbs.  of  bark  of  middle  sized 
trees,  taken  in  the  spring  when  the  quantity  is  greatest. 
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Oak 

29 

ABh 

16 

Black  Thorn  .        16 

Spftnish  Chesnnt 

21 

Beech 

10 

Coppice  Oak  .        32 

Leicester  Willow 

HoneCbesnnt 

9 

Imier  rind  of  Oak 

large 

33 

SjTcamoTe 

11 

BariL                    72 

Flm 

13 

Lombardy  FOplar 

15 

OakctttinAntanm21 

Common  Willow 

Birch 

8 

imrge 

11 

Hazel 

U 

These  substances  impart  it  to  water,  whence  it  may  be  pre^ 
cipitated  by  isinglass  or  gelatine,  with  which  it  strongly  unites 
and  forms  an  insolnbie  compound.  From  its  very  great  affinity 
for  gelatine,  it  is  of  the  utmost  service  in  the  art  of  tanning. 
Skins  principally  consist  of  gelatine,  and  being  a  long  tiiBe 
steeped  in  water  containing  tannin,  or  bark  ground  or  ehopped 
Tery  small,  acquire  weight,  thickness,  rigidity,  and  impermea- 
bility to  water,  by  reason  of  the  union  of  the  gelatine  and  tannin* 
The  process  may  be  accelerated  by  dipping  the  skins  in  a  com- 
centrated  preparation  of  tannin  previously  separated  from  the 
bark,  but  the  leather  thus  prepared  is  of  an  inferior  quality. 
Tannin  has  been  imitated  or  made  by  exposing  carbon  to  the 
aedoB  of  nitric  acid.  The  effete  bark,  after  the  tanner  ie  done 
with  it,  is  used  for  procuring  heat  in  the  garden  hot^houses ; — it 
is  merely  piled  in  a  heap,  when  its  decomposition  erolrea 
caloric. 

15.  Woodg  Fibre  is  that  part  of  plants  or  trees  which  gives 
shape,  strength,  and  consistency  to  the, whole.  Though  it  k 
the  solid  superstructure  yet  it  is  so  porous  that  when  examined 
with  a  microscope,  the  most  dense^aad  compact  exhibits  more 
space  in  pores  than  in  solid  fibre.  If  a  piece  of  wood  be 
cemented  into  the  oriGce  of  a  receiver,  the  outer  end  having  a 
hollow  like  a  cup  scooped  in  it,  wherein  is  placed  a  little  quick- 
silver, while  the  receiver*  is  exhausting,  the  mercury  will  be 
forced  with  a  stream  through  the  pores  of  the  wood.  In  the 
living  plant,  these  pores  are  the  channels  and  residence  of  all 
the  fluid  and  evaporable  parts,  which  when  dispersed  leave  the 
woody  fibre  as  charcoal. 

16.  The  Vegetable  acids  are  about  12  in  number,  their  elemen- 
tary substances  are  carbon,  and  hydrogen,  saturated  with  a 
varying  quantity  of  oxygen,  which  alone  determines  the  charac- 
ter. Some  exist  in  a  natural  state  in  the  plant,  yet  none  of 
them  are  uncombined,  being  generally  found  as  salts  in  which 
the  acid  predominates;  and  the  rest  are  procured  by  art.  Their 
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Dames  are  aa  follows:  acetic,  oxalic,  tartaric,  citric,  malic,  lac- 
tic, gallic,  mvicovt^  benaoic,  succinic,  camphoric,  and  suberic 
acid. 

Acetic  add  or  vinegar  is  principally  obtained  from  liquors 
that  have  undergone  the  irinous  fermentation.  But  it  may  be 
extracted,  though  in  an  impure  state,  from  wood;  and  it  exudes 
from  the  pores  of  the  skin  along  with  nitrogen  and  other 
perspirable  matter.  Though  all  kinds  of  wine,  or  fermented 
liquors  will  yield  it,  yet  the  more  mucilage  they  contain,  the 
sooner  they  will  acidify.  On  this  account  isinglass  should  not 
be  added  to  wines  to  fine  them  till  the  moment  they  are  bottled. 
This  acid  cannot  be  concentrated  by  evaporation,  being  nearly 
as  volatile  as  water;  but  on  this  account  it  is  capable  of  being 
distilled  as  a  colourless  fluid;  and,  in  short,  it  is  the  only  vege- 
table acid  that  can  be  distilled  in  combination  with  water.  The 
only  way  to  separate  it  from  water,  is,  to  mix  them  with  pow- 
dered charcoal,  which  being  submitted  to  a  boiling  heat,  the 
water  is  evaporated,  but  the  acid  is  retained  by  the  charcoal, 
whence  it  is  afterwards  dispelled  by  a  stronger  heat  in  a  proper 
apparatus.  Concentrated  acetic  acid  is  obtained  by  decom- 
posing some  of  its  salts,  as  acetate  of  copper,  acetate  of  potas 
and  soda,  with  sulphuric  acid,  and  then  distilling  the  products. 
The  acid  thus  obtained  is  inflammable,  very  pungent,  acrid, 
corrodes  animal  substances;  and  so  volatile  that  it  entirely 
evaporates  when  exposed  to  the  air, — hence  it  has  been  sup- 
posed to  contain  ether.  It  dissolves  camphor,  and  when  mixed 
with  volatile  oils  forms  aromatic  vinegar. 

Oxalic  acid.  This  acid  is  the  highest  degree  of  acidification, 
next  to  carbonic  acid,  that  is  known  of.  Acetic  acid  by  the 
addition  of  oxygen  becomes  oxiUio  acid,  and  another  dose  con^ 
verts  it  into  carbonic  acid  and  water.  It  is  found  principally 
in  the  juice  of  sorrel,  combined  with  potas;  but  its  basis 
abounds  in  many  other  plants  and  vegetable  substances,  as  in 
the  chick-pea,  and  particularly  in  sugar, — hence  it  is  sometimes 
called  the  acid  of  sugar.  It  crystallizes  in  four  sided  prisms, 
has  a  very  acid  taste,  and  is  insoluble  in  water.  It  is  com- 
posed of  70*689  oxygen,  26*566  carbon,  and  2*745  hydrogen. 
Its  water  of  crystalliasation  is  23  per  cent  It  is  chiefly  used  by 
the  calico  printers. 

Oxalic  acid  has  a  greater  affinity  for  lime  than  any  other  acid» 
with  which  it  forms  an  insoluble  compound,  hence  it  is  the 
best  test  for  that  earth.    But  sometimes  when  it  is  supersatu- 
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rated  with  potas,  it  is  necessary  to  take  up  the  excess  with 
caustic  ammoDia  before  this  test  is  used,  Super-oxalaie  of  potas 
is  sometimes  made  by  art,  bat  is  the  true  juice  of  the  sorreL 
Tbis  acid  attacks  iron,  sine,  tin,  antimony  and  lead ;  dissolves 
all  the  metallic  oxides,  and  forms  with  them  triple  salts.  From 
its  great  affinity  for  iron,  it  is  used  to  take  iron  moulds  and 
inkstaius  from  linen.  Sai-acttoselke,  or  the  salt  of  sorrel,  is  im- 
ported from  Switzerland,  and  the  neighbouring  countries,  where 
the  sorrel  is  cultivated  for  the  purpose: — 100 lbs.  of  the  plant 
is  said  to  yield  5oz.  of  crystallized  salt.  Oxalate  of  lime  is  one 
of  the  compounds  frequently  found  in  human  calculi.  Crystal- 
lized oxalic  acid  very  much  resembles  Epsom  salts;  perhaps  the 
best  mode  of  distinguishing  them  is  by  the  taste : — the  Epsom 
salts  have  a  bitter,  saline,  and  nauseous  taste,  while  that  of  the 
acid  is  decisively,  and  excessively  sour.  Calcined  magnesia  is 
its  best  antidote. 

Tartaric  acid  is  obtained  from  the  tartar  of  commerce,  and  is 
chiefly  used  by  the  calico  printers  to  discharge  false  prints.  It 
may  be  crystallized,  is  very  soluable  in  water,  and  is  composed 
of  69*321  oxygen  24*050  carbon,  and  6*029  hydrogen.  Its 
water  of  crystallization  is  11  j^  per  cent. 

Tartar  or  Argol  is  procured  from  vessels  in  which  wine  has 
been  kept ;  during  the  process  of  making  wine  it  is  carefidly 
collected,  and  becomes  a  considerable  article  of  commerce  in 
the  wine  countries.  It  is  what  forms  the  crust  on  the  bottles 
of  Old  Port ;  and  when  purified  from  the  tannin  and  colouring 
matter,  is  called  Cream  of  Tartar.  In  both  cases  it  generally 
consists  of  77  tartaric  acid,  and  23  potas,  and  is  therefore  a 
supertartrate  of  potas.  When  this  excess  of  acid  is  saturated 
with  soda,  the  compound  is  called  Boekelle  Salts,  which  are 
composed  of  64  tartrate  of  potas,  and  46  tartrate  of  soda. 

Citric  acid  is  found  in  the  juice  of  lemons  and  several  other 
fruits.  It  crystallizes  in  beautiful  rhomboidal  prisms,  and  is 
entirely  acid  to  the  taste.  Its  composition  is  54*83  ox.  41*37 
car.  and  3*80  by.  The  perfect  crystals  contain  21  per  cent  of 
water.  This  acid  is  used  in  a  number  of  domestic  purposes,  in 
medicine,  and  in  the  arts  especially  by  the  calico  printers.  It 
is  said  that  a  very  large  dose  of  opium  may  be  taken  with  a 
proper  quantity  of  this  acid,  which  instead  of  causing  stupefac- 
tion, induces  cheerfulness  succeeded  by  gentle  and  refreshing 
sleep.  Citrate  of  potas  is  chiefly  used  for  what  is  called  the 
MaUne  draught, — ^it  consists  of  56  acid  and  64  potas. 
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MaHc  Acid  is  obtained  from  the  juice  of  apples,  strawberries^ 
and  other  summer  fruits,  in  all  which  it  exists  ready  formed.  It 
may  be  crystallized.  Its  chief  use  is  as  a  chemical  test,  and 
principally  in  separating  alumina  from  magnesia, — composing 
with  the  former  an  insoluble  salt,  and  leaying  malate  of  mag- 
nesia in  solution.  It  will  precipitate  mercury,  silver  and  some 
other  metals,  from  their  solutions  in  nitric  acid,  and  gold  from 
its  solution  in  aqua-regia. 

Lactic  Acid  might  perhaps  be  more  properly  classed  among 
the  animal  acids,  since  it  is  obtained  from  milk,  but  it  consists 
only  of  carbon,  hydrogen,  and  oxygen,  while  they  contain 
nitrogen.  It  is  extracted  from  whey,  is  of  a  yellow  colour,  in- 
ciqiable  of  crystallization,  and  of  no  use. 

Gallic  Acid  is  procured  from  nut-galls,  and  is  always  combined 
with  tannin.  It  gives  a  black  colour  to  the  solutions  of  iron ; 
hence  the  use  of  nut-galls  in  making  ink.  It  exists  in  the  ex- 
crescences found  on  the  roots  of  young  oaks ;  also  in  the  leareSy 
bark,  and  wood ;  and  therefore  the  chips  or  saw-dust  of  these 
have  often  been  used  in  dying  black.  It  may  be  obtained  in 
thin  transparent  plates,  and  in  very  small  needle-shaped  crys- 
tals;— its  taste  is  peculiarly  austere  and  very  acid.  The  nut^ 
galit  oi  commerce,  so  extensively  used  in  dying  black,  are  the 
excrescences  on  the  bark  of  young  oaks,  grown  in  warm  climates, 
especially  in  Asia  Minor.  They  are  caused  by  an  insect  making 
a  hole  in  the  bark  to  deposit  its  egg.  The  vessels  being 
lacerated  occasions  an  exudation*  of  the  sap  round  the  place. 
When  the  animal  is  hatched,  it  feeds  upon,  and  eats  its  way 
through  the  side  of  the  nut  and  escapes : — hence  they  have  a 
hole  in  the  side,  or  if  not,  the  insect  may  be  found  in  them. 

MucauM  or  saccolactic  acid  is  obtained  by  nitric  acid  from 
gum  Arabic,  and  other  mucilaginous  substances.  It  is  a  white, 
gritty,  slightly  acid  powder. 

Benzoic  Acid,  or  Flowers  of  Benjamin,  is  chiefly  procured 
from  the  balsam  called  Benzoin,  which  is  an  extract  from  a  tree 
that  grows  in  Sumatra,  and  another  in  Peru ;  also  from  liquid 
storax.  It  has  likewise  been  discovered  in  the  urine  of  children, 
and  graniverous  animals,  as  well  as  in  blood,  and  in  some 
fungous  productions.  The  best  Flowers  of  Benjamin  is  a  bril- 
liant white  powder,  unalterable  in  the  air,  soluble  in  alcohol, 
and  in  boiling  water,  but  not  in  cold  water,  and  may  be  totally 
evaporated  by  heat    Its  taste  is  acid  and  bitter ;  and  it  has  a 
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pecaliar  annnatic  odour.   It  is  conposed  of  74*4lGar.,  20*43ox.» 
and  6*16  hy. 

Succinic  Acid  is  obtained  from  amber.  It  is  slightly  aeid  to 
the  taste,  soluble  in  hot  water,  but  very  sparingly  so  in  cold ; 
sublimes  at  a  very  high  temperature,  and  erystalltaes  in  white, 
shining  crystals.  Combined  with  ammonia,  it  forms  a  valuable 
test  for  separating  iron  from  its  solutions  without  affecting 
other  metals.  One  hundred  grains  of  such  precipitate  contains 
68  of  iron. 

Amber,  (see  page  474)  supposed  to  be  a  vegetable  resinous 
substance  acted  on  by  sulphuric  acid,  is  found  upon  the  sem 
shore,  also  in  a  species  of  whale,  and  therefore  has  been  sup- 
posed to  have  had  an  animal  origin.  It  is  transparent,  eom- 
hustible,  and  readily  manifests  electricity.  In  short,  electricity 
was  first  discovered  in  this  substance,  whose  latin  name  is 
eiecirum:  hence  electricity.  It  was  greatly  esteemed  hy  the 
ancients,  and  worn  by  the  ladies  as  an  ornament  of  dress. 

Camphoric  Add  is  procured  by  means  of  nitric  acid  from 
camphor.  It  has  a  bitter  taste,  only  slightly  acid,  soiells  like 
saffron,  and  forms  very  white  crystals.  Any  quantity  will  dis- 
solve in  boiling  alcohol ;  it  is  also  very  soluble  in  boiling  water, 
but  requires  a  hundred  times  its  weight  of  cold  water  to  dis- 
solve it. 

Suberic  Acid  is  obtained  by  means  of  nitric  acid  firom  cork. 
It  may  in  like  manner  be  obtained  from  paper.  It  is  generally 
in  a  pulverized  state ;  cannot  be  crystallised ;  and  has  not  been 
applied  to  any  use. 


Tea.  That  part  of  tea  on  which  iU  value  depends,  is  found 
to  consist  of  tannin,  gallic  acid,  and  extractive  matter.  The 
following  results  were  obtained  from  teas  of  the  undermentioned 
prices. 


Green  Tea  14#.  per  lb.  41  per  ccst. 
12».      .       34      - 
lOi.      .      36      . 
7i.      .      31      - 


Black  Tea  12f.  per  lb.  35  per  cent. 

lOi.      .       34      - 

8#.      .      37      - 

7t.      .      36      - 

6#.      .      35      - 

The  above  portions  were  extracted  by  frequent  infusions  of 
boiling  water,  after  which  another  portion  was  obtained  bj 
alcohoU  of  a  resinous  nature.    That  from  the,  high^t  priced 
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Mack  was  12,  from  the  lowest  priced  6 ;  from  the  green  it  was 
10.  There  is  nothing  in  the  composition  of  Chreen  Tea  different 
from  the  black ;  so  that  there  seems  to  be  no  foundation  for  the 
sopposition  that  it  is  less  wholesome.  If  there  is  any  thing  it 
must  be  a  rolatile  oil,  which  may  be  evaporated  by  a  few  minutes 
boiling;  but  the  genuine  tea-drinker  would  consider  this  the 
best  part  of  it. 

The  Bitter  and  Narcotic  principles  have  been  extracted  from 
vegetables,  but  their  composition  is  not  ascertained.  The  for- 
nier  is  in  deep  yellow  crystals,  is  supposed  to  contain  a  little 
nitrogen,  and  has  the  property  of  stopping  fermentation.  The 
latter,  Narcotin,  or  Morphin^  is  in  rectangular  prisms,  with 
rhomboidal  bases,  and  is  destitute  of  taste  and  smell.  Besides 
the  above,  there  are  many  other  vegetable  substances  mentioned 
by  writers  on  chemistry,  which  it  would  be  tedious  to  par- 
ticularise. 

3.   FERMENTATION. 

When  plants  cease  to  be  elaborated  by  life,  which  in  the 
course  of  nature  is  generally  after  they  have  bloomed,  and 
yielded  fruit  or  seed,  a  new  arrangement  of  their  materials  be- 
gins to  take  place,  occasioned  by  mere  chemical  attraction. 
This  is  a  mere  extension  of  the  Almighty  Fiat,  **  Dust  thou  art 
and  unto  dust  thou  shalt  return."  For,  were  they  not  thus 
resolved  into  their  original  elements,  they  would  encumber  the 
surface  of  the  earth  so  much  as  to  impede  vegetation.  But  in 
the  progress  of  this  dissolution  their  materials  form  several  new 
arrangements.  While  the  combinations  are  going  on,  or  the 
particles  are  torn  from  the  old  arrangements;  a  violent  internal 
commotion,  occasioned  by  the  liberation  of  caloric  and  carbonic 
acid  gas,  is  observed  to  take  place  in  the  liquor.  This  motion 
or  process  is  CdMeA  fermentatum. 

There  are  generally  reckoned  four  fermentations,  or  different 
arrangements  which  the  elements  make,  before  they  arrive  at 
their  ultimatum,  viz.  the  saccharine  or  that  wherein  sugar  is 
developed  or  formed ;  the  vinous  or  that  which  produces  al- 
cohol; the  oce/otis,  or  that  of  acetic  acid;  and  ihe  putrefactive^ 
or  that  by  which  water  and  carbonic  acid  are  formed.  At  the 
end  of  each  process,  a  cessation  of  the  fermenting  operation 
takes  place,  and  for  a  while  the  liquor  remains  at  rest.  Unless 
therefore  the  products  are  secured,  the  next  fermentation  suc^ 
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ceeds ;  and  the  elements  carbon,  hydrogen,  and  oxygmi  make 
a  still  closer  union,  evolving  heat  every  Uine^tUl  the  patrefactive 
process  is  completed.  Yet  all  vegetable  prodactions,  will  not 
undergo  tliese  fermentations;  and  •man}'  circumstances  are 
required  to  render  each  process  complete  in  any  of  them.  The 
chief  requisites  are  a  certain  degree  of  heat,  a  sufficient  quan- 
tity of  water  as  a  solvent,  and  a  treatment  peculiar  to  each  fer- 
mentation. 

The  Saccharine  Fenncntation.  Though  sugar  is  formed  bj 
nature  in  most  plants  while  growing,  and  in  some  fruits  while 
ripening;  yet  before  it  is  developed  in  other  vegetable  prodao- 
tions,  a  new  elementary  arrangement  takes  place  after  their 
decease.  In  certain  roots  as  carrots  and  parsnips,  it  is  de- 
veloped during  the  process  of  cooking ;  «lso  in  potatoes,  but 
much  more  so  if  they  have  been  previously  submitted  to  a 
slight  frost.  In  some  grain  it  is  produced  during  the  germinft- 
ting  process ; — the  seed  is  deposited  in  the  earth,  whence  it 
absorbs  moisture  which  makes  it  swell ; — a  chemical  combina- 
tion, in  the  mean  time,  taking  place  produces  a  certain  degree 
of  temperature ;  the  seed  bursts,  the  young  germ  appears,  and 
the  rest  of  the  farinaceous  matter  is  Qonverted  into  a  milky  pulp 
containing  a  great  deal  of  saccharine  matter.  At  the  fbrmatioA 
of  the  seed  in  the  parent  plant,  there  is  also  a  considerabk 
quantity  of  this  substance ;  in  flowers,  it  is  in  the  germ  which 
afterwards  swells  into  the  pericarp.  The  ripening  of  fruit  seem 
to  depend  upon  absorbing  oxygen,  hence  if  some  fruits  are 
gathered  a  few  days  before  they  are  quite  ripe,  and  be  totally  ex* 
eluded  from  the  air,  they  will  be  preserved.  But  as  they  were 
not  ripe  when  pulled,  they  should  be  withdrawn  a  few  daji 
before  they  are  used,  when  they  will  absorb  oxygen  and  be  in 
fine  perfection. 

The  saccharine  fermentation  is  artificially  produced  in  the 
process  of  making  malt.  The  grain,  generally  barley,  is  steeped 
for  two  or  three  days  in  water ;  when,  the  water  being  withr 
drawn,  the  fermentation  commences,  which  is  manifested  by 
the  grain  swelling,  bursting  and  germinating.  In  the  mean 
time  a  considerable  degree  of  heat  is  evolved,  which,  as  the 
grain  is  laid  in  a  heap,  hastens  the  process.  When  the  spronH 
are  about  an  inch  in  length,  the  process  is  suddenly  stopped  bj 
placing  the  grain  upon  a  kiln,  where  it  is  well  dried  at  a  gentle 
heat  It  is  thus  rendered  crisp  and  friable,  and  capable  of  be- 
ing preserved  till  such  time  as  it  is  submitted  to 
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Tke  VinofUi  Fermentation.  In  order  to  promote  this  fermen- 
lation  it  is  necessary  to  braise  or  grind  the  malt,  and  to  mace- 
rate the  other  materials,  lest  the  divellent  power  should  not  be 
snfficient  to  overcome  the  cortical  or  woody  fibres ;  there  mast 
be  a  safficient  quantity  of  water  as  a  solvent;  and  yeast,  or 
some  other  ingredient  which  is  undergoing  or  has  undergone 
this  fermentation,  must  be  added:  and  the  whole  raided  to  a 
temperature  of  about  55  or  60  degrees.  The  products  of  thjLf 
fermentation  are  alcohol,  and  carbonic  acid;  the  latter  of  which 
is  evolved  in  vast  quantities  daring  the  process.  The  alcohol 
remains  in  the  liquor,  forming  in  it  the  intoxicaling  quality,  fpr 
it  is  to  this  substance  that  all  inebriating  drinks  owe  their  pecor 
liar  property;  and  here  is  the  foundation  of  the  various  opera- 
tions of  making  wine,  ale,  beer,  and  of  the  process  of  distilla- 
tion. 

Wine.  In  making  wine  the  juice  of  the  grape  in  which  the 
sagar  is  already  formed>  is  merely  put  into  large  vessels,  when 
the  vinous  fermentation  suo'ceeds; — the  temperature  of  the  cU- 
mtite  and  the  acid  contained  in  the  tartar  commencing  the 
process.  It  is  found  that  where  all  the  tartar  has  been  with* 
drawn  from  the  pw$t,  fermentation  will  not  take  place,  and  as 
the  juice  of  the.grape  contains  a  large  portion  of  water,  there  is 
no  occasion  to  add  any.  When  the  fermentation  ceases,  the 
liquor  cools,  and  subsides  becoming  clear  and  transparent,  and 
possessing  the  apirituons  qualities.  If  it  is  put  into  the  vessel 
and  closed  up  during  the  fermentation,  then  it  retains  some  of 
the  carbonic  acid,  and  when  brought  forth  sparkles  in  the  glass* 
In  making  British  Wines,  it  is  necessary  to  add  a  great  quantity 
of  sugar,  which  yields  more  alcohol  than  any  other  substam^e: 
but  the  nice  point  to  be  observed  is  to  put  the  wine  into  a  strong 
cask,  and  close  it  before  the  fermentation  ceases.  By  doing  so^ 
some  of  the  sugar  remains  undecomposed,  which  imparts  sweet* 
ness,  and  the  carbonic  acid  gives  it  life,  that  makes  it  clear, 
bright,  and  sparkling  in  the  glass;  and  at  th^  same  time 
imparts  a  brisk  acidulous  taste,  which  corrects  the  flatness  often 
predominant  in  these  kinds  of  wine. 

Ale  or  Beer.  The  process  of  making  beer  differs  little  from 
that  of  wine ;  and  therefore,  it  may  properly  enough  be  called 
the  wine  of  barley.  But  another  ingredient  besides  the  yeast 
necessary  to  comiaence  the  fermentation,  is  added,  viz.  ^ops, 
which  restrain  or. regulate  the  fermenting  process;  a  large 
quantity  stops  it  altogether.    Without  hops  the  beer  could  not 
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be  preseryedy  from  passing  into  tbe  acetous  fermentatioii,  and 
being  converted  into  vinegar.  Bat  the  common  brewer  in 
some  measure  petforms  the  same  office  by  his  strong  hooped 
casks. 

The  Acetic  Fermentation,  When  a  liqnor  has  andergone  the 
▼inoas  fermentation,  if  its  products  are  not  secured  from  the 
contact  of  the  air,  its  carbon  and  hydrogen,  not  having  their 
complement  of  oxygen,  soon  begin  to  take  another  dose  from  the 
atmosphere,  with  which  they  combine  more  closely,  evolving 
caloric  and  producing  acetic  acid.  The  fermentation  of  paste 
or  dough,  for  the  purpose  of  making  bread,  is  generally  con- 
iidered  as  the  commencement  of  the  acetous;  though  some 
suppose  it  to  be  a  distinct  process,  and  have  called  it  the  /MOMny 
fermentation. 

The  Putrefactive  Fermentation,  This  is  the  last  step  of  na- 
ture towards  reducing  organized  bodies  to  their  simplest  com- 
binations. All  vegetables,  providing  there  be  heat,  moisture, 
and  free  access  of  air,  spontaneously  undergo  this  final  dec<HDi- 
position.  When  all  these  are  in  sufficient  quantity,  then  tiie 
dissolution  is  the  most  complete  :  carbonic  acid  and  water  be- 
ing tbe  ultimate  arrangement  of  carbon,  hydrogen,  and  oxygen. 
Bat  several  circumstances  tend  to  check  or  prevent  this  fermen- 
tation. As  when  a  proper  solvent,  such  as  moisture  is  wanting; 
for  it  is  well  known  Uiat  plants  and  wood,  if  well  dried,  wiD 
resist  the  attack  of  the  air  for  any  length  of  time,  and  evea 
when  there  is  not  a  sufficient  temperature.  In  general  56 
degrees  are  necessary  for  a  perfect  fermentation,  but  no  fer- 
mentation was  ever  known  to  occur  at  a  temperature  below  the 
freezing  point.  Sometimes  vegetable  substances  have  both  halt 
and  moisture,  but  are  secluded  from  the  air,  so  that  a  supply  <tf 
oxygen  cannot  be  had.  In  this  case  fermentation  to  a  certaia 
degree  goes  on ;  that  is,  a  new  arrangement  takes  place  so  u 
to  destroy  the  vegetable  fibre,  and  make  a  closer  union  among 
the  particles,  without  their  being  oxided,  so  that  they  retain  afl 
their  inflammability.  To  this  kind  of  fermentation  we  perhaps 
owe  a  great  many  bituminous  substances. 

4.  DISTILLATION. 

When  a  liquor  has  undergone  the  vinous  or  alcoholic  fei^ 
mentation,  instead  of  its  being  preserved  as  wine  or  beer,  it  ii 
sometimes  made  to  undergo  the  process  of  diatiUatiom,  wfaidi 
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18  merely  separating  the  alcohol  from  the  water  and  other  in- 
gredients. However,  for  distillation,  the  process  of  fermenta- 
tion, though  the  same  in  principle,  differs  widely  from  that  of 
wine,  or  beer.  For  these,  the  fermentation  is  very  gentle,  or 
is  checked  to  prevent  the  formation  of  acetic  acid ;  while  for 
distillation,  it  is  urged  to  the  utmost  degree.  For  this  purpose 
more  yeast  is  added,  and  the  rise  of  temperature,  which  for 
beer  does  not  exceed  15  degrees,  will  sometimes  be  more  than 
60.  For  beer,  malt  alone  is  used ;  but  for  distillation  a  small 
portion  of  malt,  varying  from  one-third  to  one-tenth  is  mixed 
with  raw  materials;  they  are  ground  together,  and  yield  a 
wort  nearly  as  sweet  as  that  from  an  equal  quantity  of  malt 
alone. 

Retorts  or  Stills  are  of  various  sizes,  from  the  small  glass  one 
that  holds  less  than  half  a  pint,  to  that  of  the  large  distilleries, 
containing  many  gallons.  The  top  is  steam  tight,  large,  and 
partly  of  a  bulbous  shape,  which  terminates  in  a  pipe  called  the 
worm,  that  conducts  the  spirits  into  the  receiver.  The  worm  is 
generally  of  a  spiral  shape,  passing  through  a  vessel  of  cold 
water,  so  that  the  vapour  is  condensed  before  it  enters  the 
receiver.  The  necessary  heat  is  below  that  of  boiling  and  a 
great  deal  depends  upon  its  regularity.  The  principal  on  which 
distiUation  is  effected,  is  this,  viz.  alcohol,  is  more  volatile  than 
water,  and  when  submitted  to  a  heat  a  little  below  boiling,  rises 
in  vapour,  and  leaves  the  water  and  other  ingedients  behind,  or 
escapes  with  the  first  steam  after  boiling  commences. 

Bramhf  is  distilled  from  wine.  It  is  alcohol  mixed  with  a 
considerable  quantity  of  water,  and  some  of  the  undissolved 
particles  of  the  grape,  which  determine  its  peculiar  flavour. 
When  distilled,  it  is  perfectly  clear,  leaving  the  tartar  and 
colpuring  matter  behind,  precipitated  to  the  bottom  of  the  retort; 
and  it  afterwards  obtains  its  colour  by  being  put  into  new  casks, 
whence  it  extracts  the  tannin,  gallic  acid,  and  extractive  matter, 
which  give  it  the  dark  and  deep  tint.  If  this  is  not  sufficient,  it 
is  increased  by  the  addition  of  burnt  sugar  or  molasses.  The 
average  quantity  of  alcohol,  found  in  Port  wines,  is  from  19  to 
25  per  cent.  Some  of  the  white  wines  afford  more,  some  less; 
but  in  general,  only  such  wines  are  distiUed  as  will  not  sell  as 
wine.  Gooseberry  wine  contains  only  about  11  or  12  per  cent 
of  brandy. 

JRmii  is  obtained  from  sugar,  or  molasses.  After  the  canes 
Are  bruised  between  the  iron  rollers,  and  the  principal  part  of 
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the  jaice  is  pressed  out,  they  are  tiirown  into  water,  which 
extracts  the  rest.  This  liquor  is  separated,  fermented ,  and 
afterwards  distilled,  when  rum  is  the  produce.  It  is  perfectly 
clear,  and  receives  the  colour  in  the  same  manner  as  brandy. 
100  lbs.  of  sugar  aod  10  of  yeast  will  yield  57*7  lbs.  of  alcohol, 
and  35*34  carbonic  acid,  and  a  residuum  of  6*59  lbs. 

CHn  is  oj>t»ined  from  malt,  a  pound  of  which,  when  fermented 
and  distilled  in  the  most  complete  manner,  will  yield  half  a 
pound  of  alcohol  of  the  specific  gravity  of  -825.  In  comm6n 
processes,  after  the  wash  has  undergone  the  vinous  fermentir 
tion,  it  is  separated  from  the  grains  and  put  into  the  stilL  The 
process  is  thrice  repeated  for  the  British  Gin ;  the  first  two 
times  by  the  common  Distillers,  when  it  is  called  raw-^pirU, 
From  them  it  goes  to  the  Rectifiers,  whose  trade  is  distinct  from 
that  of  the  distillers.  For  the  common  gin  18  gallons  of  raw 
spirit,  and  2  of  spirits  of  tur  pentine  are  distilled  together ;  to 
which  a  smatch  is  given  with  the  juice  of  the  juniper-berry,  a 
fruit  principally  brought  from  Italy ;  sometimes  the  last  distil- 
lation is  performed  with  the  juniper  in  it.  In  Holland  it  ia  but 
twice  distilled.  Near  two-thirds  of  w,heat  flour  are  used  with 
the  malt,  and  the  whole  for  the  first  process  is  put  into  the  stilL 
Mhisky  is  also  only  twice  distilled,  and  without  any  ingredient 
to  improve  its  taste,  except  the  smoke  it  catches  in  the  process. 
It  is  obtained  not  only  from  barley,  oats,  and  rye,  or  whatever 
grain  is  the  cheapest,  but  also  from  several  other  vegetable 
substances^  wherein  the  saccharine  and  vinous  fermentations 
can  be  excited.  Potatoes  are  said  to  afibrd  a  brandy  inferior  in 
flavour  to  none  of  the  French  brandies. 

The  fiery  taste  found  in  bad  spirit  is  caused  by  the  presence 
of  an  empyreumatic  oil,  chiefly  formed  by  having  an  irr^nlar, 
or  too  hot  a  fire,  by  stirring  it  or  throwing  on  coals  daring  the 
process.  On  such  occasions  this  oil,  or  rougks  as  it  is  called» 
flies  ofl'into  the  receiver.  But  a  great  many  difierent  ingredients 
and  processes  are  used  for  the  rectifying  this  bad  taste,  or  the 
separation  of  the  oil,  on  which  the  quality  of  this  inferior  kind 
of  spirit  depends. 

Arak  is  distilled  from  rice ;  and  the  Arabs  have  a  spiritaov 
liquor  called  Koumis,  which  they  obtain  from  fermented  mare's 
mUk. 

Alcohol  or  Spirits  of  Wine.  Though  alcohol  is  the  basis  and 
strength  of  all  the  above  spirituous  liquors ;  yet  in  all  of  them  it 
is  combined  with  a  considerable  quantity  of  watw,  and  impreg* 
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Dated  witb  some  vegetable  particles^  which  give  to  each  its 
peculiar  flavour.  Gin,  mm,  and  brandy  contain,  on  an  average, 
about  half  their  quantity  of  pure  alcohol,  and  ale  is  supposed  to 
average  from  6  to  10  per  cent.  In  order  to  obtain  pure  alcohol, 
it  is  necessary  to  distil  or  rectify  it  several  times  over,  mixing 
it  with  different  ingedients  that  assist  in  separating  its  aque- 
ous and  vegetable  particles;  when  at  last  it  is  of  the  same 
quality,  whatever  it  is  procured  from,  whether  grapes,  barley 
or  potatoes.  The  strongest  alcohol  or  spirits  of  wine  of  com- 
merce is  seldom  of  a  less  s  ecflc  gravity  than  825,  what  is  called 
proof  spirit  is  'OSO.  The  exact  proportions  of  its  elements 
have  not  been  satisfactorily  determined ;  but  a  French  chemist 
demonstrated  that  alcohol  of  *792  specific  gravity,  contained 
51'98  carbon,  34*32  oxygen,  and  13*70  hydrogen. 

Alcohol,  besides  its  being  the  inebriating  quality  in  wine,  ale, 
cyder,  and  all  spirituous  liquors,  forms  the  bases  of  all  cordials, 
liqueurs,  elixirs,  tinctures,  quintessences,  &c.  For  cordials  and 
liqueurs,  it  is  sweetened  with  sirup  and  flavoured  with  volatile 
oil;  and  for  the  others,  it  has  resins  and  balsams  dissolved  in  it, 
being  reduced  with  water.  It  is  also  of  the  greatest  use  in  che- 
mistry, being  a  solvent  for  a  great  many  substances,  which 
cannot  be  dissolved  by  water  and  heat.  It  is  highly  combusti- 
ble, will  inflame  at  a  low  temperature,  and  burn  without  a  wick. 
When  its  vapour  is  made  to  pass  through  a  pipe,  and  come  in 
contact  with  the  flame  of  a  lamp,  a  kind  of  blow  pipe  is  formed 
which  produces  a  very  intense  heat. 

Ether,  the  lightest  and  most  inflammable  of  all  fluids,  is  ob- 
tained from  alcohol,  of  which  it  forms  the  more  volatile  part. 
It  is  separated  by  mixing  a  quantity  of  alcohol  in  a  retort,  with 
a  portion  of  sulphuric,  nitric,  or  muriatic  acid,  when  the  acid 
extracts  some  of  the  oxygen  from  the  alcohol,  rendering  the 
remaining  elements  less  intimately  combined ;  so  that  a  new 
substance  is  produced,  which  flies  off  in  vapour  and  is  collected 
in  a  proper  receiver.  The  specific  gravity  of  good  sulphuric, 
ether  is  about  *750 ;  and  its  composition  nearly  67*98  carbon, 
17*62  oxygen,  and  14*40  hydrogen.  As  a  medicine,  ether  is 
the  most  effective  antispasmodic  known.  It  has  the  same 
intoxicating  quality  as  alcohol ;  and  when  used  in  excess,  pro- 
duces the  same  pernicious  effects. 
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CHAP.  XVIII 


Vegetable  Ecofwmy. 


1.  Analysis  op  Soils.  2.  Agricultural  Ciiaractbr  of  the  English  Soiu. 
3.  The  Food  op  Plants.  4.  Germination,  5.  Organization.  6.  Fruc 
TincATioN.    7.  Vegetable  Chemistry.    8.  Vegetable  Heat. 


1.   ANALYSIS  OF  SOILS. 

Having  described  the  elementary  parts  of  vegetables,  the 
compound  substances  formed  in  the  living  plants,  and  the  pro- 
dacts  of  fermentation  or  decomposition  ;  it  will  be  almost  need- 
less to  say  that  their  dissolving  materials  mix  with  the  earths  to 
form  soils,  and  re-enter  a  fresh  succession  of  plants,  which  also 
in  process  of  time  decay ;  and  thus  a  circulation  of  vegetable 
matter  is  continually  going  on.  Soil  or  mould,  then,  is  that 
thin  coat,  which  in  gardens  and  other  fertile  places,  forms  the 
surface  of  the  earth.  Part  of  it  consists  of  manures  or  vegeta- 
ble and  animal  substances  undergoing  the  putrefactive  fermen- 
tation ;  but  the  basis  of  all  soils  is  silica,  with  alumina,  lime, 
magnesia,  and  the  oxides,  alkalies,  and  salts  that  we  have 
already  enumerated  as  entering  occasionally  into  the  composi- 
tion of  rocks.  Yet  the  above  earths  form  rather  the  matrix  for 
the  root  of  the  plant  than  the  pabulum ;  the  true  food  being,  as 
is  proved  by  experiments,  carbonic  acid  and  water ;  the  former 
they  can  procure  from  the  atmospheric  air,  though  not  in 
sufficient  quantity  for  luxuriant  vegetation,  but  on  a  due  supply 
of  the  latter,  viz.  that  there  should  neither  be  too  little  or  too 
much,  the5r  growth  principally  depends ;  and  the  efficacy  of 
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the  abo?e  foar  darths  in  the  process  of  vegetation  consists  in 
their  contributing  to  this  regular  supply  of  water  to  the  roots  of 
the  plant. 

Silica  is  the  earth  that  enters  the  most  abundantly  into  the 
composition  of  all  soils ;  and  it  may  be  laid  down  as  a  general 
rule,  that  no  soil  can  be  fertile  whose  basis  does  not  contain  a 
full  half  of  this  earth.  A  fertile  soil  near  Bristol  was  found  to 
consist  of  the  following  ingredients  :  60  silica,  12  alumina,  7*6 
lime,  3-5  oxide  of  iron,  1*^5  vegetable  fibre,  "75  vegetable  ex- 
tract,-5  magnesia,  13  water,  1*5  loss,=100.  However  it  may 
be  laid  down  as  another  general  rule,  that  silica  requires  from 
one-third  to  one-fifth  or  sixth  of  alumina  to  produce  fertility. 
Sand  alone  permits  all  the  water  that  the  clouds  precipitate  upon 
it  to  glide  downwards  to  a  depth  far  beyond  the  source  of 
evaporation,  and  consequently  to  the  vegetable  kingdom  it  is 
entirely  lost;,  the  soil  on  the  surface  is  therefore  immediately 
dried  by  the  sun,  and  the  plants  languish  and  die  for  lack  of 
moisture.  Such  soil  is  also  liable  to  be  dispersed  by  the  wind, 
and  the  thin  turf  is  occasionally  torn  off  in  rolls. 

Alumina,  next  to  silica,  is  the  earth  that  enters  the  most 
abundantly  into  the  composition  of  fertile  soils,  and  is  what 
gives  them  the  tenacious  character.  This  earth  has  great  affinity 
for  water,  and  rapidly  imbibes  a  large  quantity,  so  that  it  soon 
becomes  saturated,  and  then  swells  in  the  mass  to  such  a  degree, 
that  its  density  is  too  great  for  the  water  to  penetrate ;  hence 
alumina  and  consequently  clay  are  impervious  to  water.  There- 
fore, when  rain  falls  in.  torrents,  as  is  frequently  the  case  in 
summer  when  it  is  the  most  needed,  upon  soils  containing  too 
much  alumina,  it  is  precipitated  into  the  ditches ;  or,  if  more 
slowly,  as  in  winter,  it  is  retained  too  much  upon  the  surface, 
and  consequently  among  the  roots  of  vegetables,  which  are  thus 
in  danger  of  perishing  by  the  solvent  power  of  the  superabun- 
dant moisture  overcoming  the  unctuous  coat  and  cohesive  power 
of  the  seed  or  plant ;  or,  by  the  cold  occasioned  by  the  water 
dissipating  too  much  of  the  vegetable  heat :  for  vegetables  as 
well  as  animals  have  a  temperature,  that  in  winter  is  greater 
than  that  of  the  medium  in  which  they  are  placed.  But  as  the 
most  tenacious  soils  contain  a  full  half  of  silica,  the  silica  ren- 
ders the  soil  pervious  to  water,  so  that  the  water  penetrates  to 
the  subsoil.  But  in  doing  so,  the  alumina  imbibes  and  retains 
a  large  quantity,  and  thus  the  soil  is  cold»  and  very  adhesive. 
Such  soils  therefore  swell  very  much  in  wet  weather,  and,  on 
the  contrary,  in  droughty  weather,  when  the  moisture  is  evapo- 
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ratedy  Aey  sbrimk  in  tbe  same  degree :  hence  in  clajey  districii 
Uie  earth  rends  into  colonnar  ibrniSy  not  niadi  nnHke  the 
columns  of  trap  rocks ;  and  it  is  not  oncommon  to  see  rents  of 
this  kind  of  above  a  yard  in  depth,  and  some  inches  in  width. 
Sach  soils  therefore  cannot  be  the  most  prednctive,  and  thej 
are  also  tbe  worst  to  improve,  since  tliey  are  so  adhesive,  that 
after  rains  thoy  always  agglutinate  into  a  tough  nnmanageable 
mass. 

Xtme.  It  is  found  by  analysis  (hat  no  soil  is  productive^ 
which  does  not  contain  a  considerable  portion  of  lime.  Spaei- 
mens  of  fine  black  vegetable  mould  have  been  taken  from  fertile 
plots  of  land,  where  it  was  reasonable  to  suppose,  that  lime  had 
never  been  deposited  by  the  hand  tif  man,  still  it  was  found  that 
the  fertility  was  cbiefly  owing  to  the  presence  of  lime ;  so  that 
wherever  we  see  land  in  an  uncultivated  state,  yet  fertile,  there 
we  may  be  sure  that  nature  with  a  liberal  hand  has  deposited 
lime.  This  earth  generally  exists  in  soils  in  a  carbonized  state, 
that  is  as  chalk  or  lime«itone,  both  of  which  contain  abont  half 
their  weight  of  solidified  carbonic  aoid.  Having  this  great 
lenity  for  carbonic  acid,  it  is  reasonable  to  suppose  that  it 
attracts  more  than  the  definite  proportion  from  the  atmosphere 
or  manpre  of  the  soil,  and  thus  retains  it  in  the  soii  among  the 
roots  of  the  plants.  And  as  it  also  has  a  great  affinity  iot 
water,  and  enters  the  most  largely  of  all  the  earths  into  tbe 
composition  of  plants,  so  by  its  decomposition  this  hydro-car« 
bonate  of  lime  must  afford  a  constaiit  pabulum. 

The  chalk  formation  is  nearly  pur«  carbonate  of  lime,  and 
where  the  soil  contains  the  l^st  admixture  of  other  earths  are 
tracts  nearly  as  sterile  as  any  other  English  formation  presents; 
so  that  we  here  have  an  example  of  too  much  lime;  all  the  rain 
that  falls  upon  it  permeates  immediately  to  the  bottom  of  the 
formation,  where  it  is  retained  by  the  argilla(;iBous  beds  of  the 
chalk-marle.  With  respect,  therefore,  to  holding  water,  it 
more  nearly  resembles  silica  than  alumina.  But  as  it  has  a 
greater  affinity  for  silica  than  alumina  has,  it  detaches  the 
almnina  from  the  silica,  and  corrects  the  too  great  tenacity  d 
clayey  soils.  Hence  Jime  not  only  gives  a  permeability  for 
water,  but  leaves  the  alumina  at  liberty  to  retain  it.  And 
this  permeability  is  equally  useful  both  in  wet  weather  and  in 
▼ery  dry :  in  the  former  it  permits  the  superabundant  water  to 
drain  off  to  the  subsoil,  so  as  to  quit  the  roots  of  the  plant;  and 
in  the  latter,  it  allows  a  supply  from  the  subsoil  to  rise  in  evapo- 
ration, and  consequently  in  its  ascent  to  come  in  contact  with 
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the  roots  as  well  as  the  leaves  of  plaats  whereby  a  certain  per* 
tion  of  it  is  imbibed ;  and  thns  the  plants  have  a  snpply  after 
the  alumina  is  exhausted.  Bat  as  the  lime  only  improves  the 
permeability  of  the  soil^  it  is  evident  that  if  the « subsoil  want* 
permeability,  in  wet  weather  the  water  will  be  so  much  retained 
by  the  subsoil  that  it  must  stand  equal  with  the  surface  of  the 
soil.  Hence  the  subsoil  should  always  be  looked  to,  before  the 
agriculturist  is  at  any  expense  in  improving  the  soil,  otherwise 
he  may  possibly  have  all  his  useless  attemfts  te  plsiee  to  the 
score  of  loss.  Draining,  which  is  very  truly  stiled  **  the  soml  of 
improvement "  must  be  the  first  process,  and  where  the  subsoil 
is  of  such  a  nature  as  to  render  thu  comparatively  impracticable 
which  is  very  rarely  the  case,  he  should  turn  his  attention  to  a 
more  promising  speculation. 

In  the  improvement  of  soils  with  lime,  two  circumstances 
besides  the  above,  should  be  attended  to.  When  there  is  mugh 
vegetable  matter  in  the  land  in  an  undissolved  state,  which  is 
only  the  case  in  new-lands,  or  such  as  bre  of  a  mossy  or  peaty 
nature,  the  lime  shouhibe  laid  on  in  its  caustic  state,  that  is,  as. 
soon  as  ft  comes  from  the  kiln,  and  immediately  ploughed  in; 
when  it  will -dissolve  the  vegetable  fibre,  and  absorb  the  super-^ 
abundant  carbonic  acid.  But  if  it  be  sofiered  to  lie  in  a  heap 
till  it  fall,  and  then  be  spread  upon  the  land,  and  further 
exposed  to  the  air,  it  will  be  saturated  with  carbonic  aoid  from 
the  atmosphere,  and  will  as  a  solvent  or  absorbent  do  no  good. 
However  in  this  case,  it  should  be  early  laid  upon  the  fallows; — 
for  if  it  is  not  sufficiently  mixed  with  the  soil,  and  folly  sata- 
rated  with  acid  previously  to  the  sowing  of  the  grain^  it  will 
destit>y  the  germinating  principle  of  the  seed  or  young  planl^ 
and  will  sterilize  instead  of  fructify  the  soil.  On  the  contrary, 
in  poor,  old,  or  worn-out  soils,  a  supply  of  carbonic  acid  is  the 
ingredient  chiefly  needed ;  and,  therefore,  the  lime  should  be 
spread  upon  the  land,  and  exposed  to  the  air  a  considerable 
time,  in  order  that  it  may  be  fully  saturated  with  the  acid  before 
it  be  ploughed  in.  Yet  the  farmer,  who  in  this  last  case,  looks 
forward  to  the  first,  or  first  few  crops  for  a  full  remuneration 
of  his  labour  and  expense  in  lime  dressing  his  fallow,  may  be 
disappointed.  For  the  e£Pect  that  lime  has  on  worn-out  lands  is 
difibrent  from  that  of  manure :  the  latter  being  spent  in  three  or 
four  years,  while  the  former,  to  a  certain  degree,  lasts  for  ever. 
For,  notwithstanding  lime  enters  into  the.  composition  of  most 
gndn,  yet  the  quantity  thus  consumed  is  comparatively;  small. 
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However  in  soils  that  originally  contain  little  or  no  lime,  the 
quantity  laid  on  is  far  below  the  specific  quantity  for  a  fertile 
soil : — this  should  not  be  less  than  one  eighth  of  the  earthy  base 
of  the  soil;  and  calculating  the  depth  of  soil  necessary  for  the 
range  of  the  plough  at  from  six  to  eight  inches,  it  would  amount 
to  nearly  two  hundred  tons  of  quick  lime  per  acre.  When  poor 
land  is  improved  to  any  great  extent  by  limiog,  the  landlord 
onght  to  pay  for  the  lime,  (the  carting  and  labour,  if  it  is  at  any 
considerable  distance,  being  more  tban  enough  for  the  tenant,) 
since  it  is  improving  the  land  for  ever ;  but  tben  he  may  expect 
a  corresponding  advance  of  rent.  The  peculiarly  great  effect 
often  produced  in  the  first  crop  after  lime  dressing,  may  chiefly, 
in  general,  be  attributed  to  its  solvent  properties;  so  that  when 
the  lime  has  been  laid  on  too  caustic,  it  may  cause  one  good 
crop  at  the  expence  of  succeeding  crops. 

Maries,  on  account  of  the  carbonate  of  lime  which  they  con- 
tain, are  useful  in  agriculture ;  but  only  so  when  they  contain 
30  or  40  per  cent,  of  this  substance — if  they  contain  less,  they 
are  not  worth  the  labour.  The  easiest  method  of  ascertaining 
this,  is,  by  dissolving  a  little  of  the  dry  powdered  marie  in 
diluted  muriatic  acid.  By  this  means  the  carbonic  acid  will 
be  detached  from  the  lime,  and  will  escape ;  and  the  quantity  of 
Ume  may  be  known  from  the  weight  which  the  whole  has  lost 
It  an  ounce  of  marie  lose  40  or  45  grains,  its  value,  when  com- 
pared with  that  of  lime,  is  only  as  about  1  to  7. 

Magnesia  does  not  exist  in  the  composition  of  the  earth's 
shell,  in  a  greater  proportion  perhaps  than  about  one  per  cent, 
and  in  this  proportion  it  seems  to  be  favourable  to  vegetation. 
In  France  are  extensive  chalk  districts  rendered  altogether 
aterile,  by  the  presence  of  11  per  cent,  of  magnesia;  and  some 
of  the  tracts  upon  our  magnesian  limestone  are  among  the  most 
barren  of  the  English  soils.  When  a  load  of  quicklime,  from 
the  magnesian  limestone  has  laid  for  a  few  days  upon  the  fallow, 
previously  to  its  being  spread,  the  spot  is  rendered  sterile  for 
some  years  afterwards ;  whereas,  on  the  contrary,  where  a 
load  of  chalk -lime  or  of  lime  from  the  mountain  limestone  has 
been  so  placed,  that  spot  will  produce  the  most  luxuriant  crops. 
Magnesia  does  not  enter  into  the  composition  of  land  plants, 
and  it  has  less  affinity  for  carbonic  acid  and  water  than  lime 
has;  but  its  most  injurious  efiect  on  vegetation  perhaps  is 
owing  to  the  tardiness  with  which  it  becomes  saturated  with 
oarbonio  acid :  so  that  it  seems  to  continue  years  in  the  soil 
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before  it  is  rendered  mild ;  and  of  coarse  is  all  that  time  both 
pernicious  to  the  root  of  the  plant  and  exhausting  to  the  soil, 
since  when  in  the  soil  it  must  be  imbibing  the  carbonic  acid  the 
(roe  pabulum  of  the  plant 

Soils  are  the  pulverized  remains  of  rocks,  as  we  ha?e  stated 
in  Tarions  places  in  the  chapter  on  Geology;  and  therefore, 
along  with  the  above  four  earths,  which  principally  compose 
them,  must  be  a  great  many  other  substances.  *Of  these,  per- 
haps oxide  of  iron  is  the  most  abundant ;  and  as  it  enters  into 
the  composition  of  almost  all  plants,  it  must  be  a  fertilizer  of 
soils.  Sulphate  of  iron  often  occurs,  and  is  a  great  sterilizer, 
bat  lime  decomposes  it,  and  sulphate  of  lime  and  oxide  of  iron 
are  the  result,  both  valuable  manures.  Potas  seems  a  neces- 
sary ingredient,  as  it  enters  into  the  composition  of  most  vege- 
table substances ;  but  is  chiefly  in  the  young  leaves ;  the  sear 
leaf  seems  destitute  of  it,  so  that  wet  weather  perhaps  deprives 
them  of  it.  The  other  substances  found  in  plants  are  cither  in 
too  minute  quantities  in  the  soil  to  be  detected ;  or,  the  plants 
extract  them  from  the  atmosphere. 

The  science  of  Geology  is  now  so  far  advanced  that  an  agri- 
culturist may  generally  know,  without  analysis,  the  chief  ingre* 
dients  of  his  soil.  Yet  it  is  a  duty,  which  every  landowner 
owes  to  himself  and  the  public,  to  have  a  geological  plan  of  his 
estate ;  with  the  composition  of  the  soil  and  subsoil,  as  well  as 
the  various  strata,  marked  upon  it.  Let  him  not  be  led  to  do 
this  by  the  delusive  hope  of  finding  valuable  mines  on  his  pro- 
perty, he  will  generally  be  rewarded  by  knowing  its  utmost 
value,  the  capabilities  of  improvement,  and  the  nearest  places, 
whether  on  his  own  land  or  on  that  of  his  neighbour,  whence 
to  obtain  materials  for  the  impovement  of  the  soil. 

2.  AGRICULTURAL  CHARACTER  OF  THE  ENGLISH  SOILS. 

We  have  already  stated,  page  393,  that  if  the  elementary 
ingredients  composing  the  earth's  shell,  were  regularly  blended 
in  one  mass,  it  would  form  the  basis  of  the  richest  soil.  With 
such  a  surface  we  suppose  the  earth  to  have  been  originally 
created ;  nor  can  we  form  an  idea,  that  appears  to  us  more 
consonant  with  the  miracles  recorded  in  the  Old  and  ^lew  Tes- 
taments, than  this,  viz.  that  the  curse  pronounced  upon  the  earth 
was  effected  by  separating  these  ingredients  from  each  other,  and 
arranging  them  in  masses,  so  as  to  render  them  comparatively 
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sterile  from  want  of  due  mixture;  and,  at  tbe  same  time, 
changing  the  earth's  temperature,  which  in  consequence,  would 
canse  some  change  in  the  constitution  of  the  atmosphere.  N«r 
can  we  help  observing  how  wonderfully  these  separated  mate- 
rials are  arranged  bj  the  side  of  each  other.  Just  as  if  the 
Almighty  had  said,  •«  Let  us  destroy  this  Gtirden  of  Eden,  of 
which  man  is  no  longerjR^orthy,  by  separating  the  ing^redients  of 
the  soil ;  and  instead  of  the  mist  of  the  earth  that  now  waters 
the  whole  face  of  tlie  ground,  let  us  cause  the  atmosphere  to  be 
troubled  with  storms,  and  loaded  with  vapours,  wherewith  in 
future  it  shall  be  moistened.  Nevertheless,  that  man  may  not 
perish,  let  us  cause  some  parts  to  be  so  blended  that  he  may  at 
first  easily  procure  food ;  and  let  us  dispose  the  whole  materials 
so,  that  when  man  shall  multiply  upon  the  face  of  the  earth,  he 
may  be  occupied  in  blending  together  what  we  shall  sow 
separate." 

Agreeably  to  this  hypothesis,  we  find  tracts  of  sand,  day, 
and  lime  alternating  with  each  other  in  regular  succession;  not 
only  in  England,  but  to  a  certain  degree  throughout  the  whde 
world.  Nor  can  we  suppose  that  England  will  have  arrired  at 
its  utmost  limits  of  agricultural  improvement,  till  this  blending 
of  the  materials  is  effected.  Should  we  take  a  retrospeotife 
view  of  the  state  of  this  island  two  thousand  years  ago,  when 
the  inhabitants  lived  chiefly  on  herbs,  milk  and  flesh,  and  mostly 
resided  in  turf  hovels  or  wigwams  like  the  natives  of  North 
America;  and  then  trace  the  improvements  in  agricoltme 
through  the  last  thousand  years  ;  and  farther  state,  that  the  soU 
of  England  is  capable  of  improvement  till  every  subsoil  is  com- 
pletely drained,  and  till  the  ingredients  of  each  formation  are 
so  distributed  that  the  soil  is  blended  in  the  most  favourable 
manner ;  at  the  same  time  comparing  the  means  of  remoTing 
weighty  materials,  along  rail-ways  and  by  other  means  which 
science  has  yet  in  store,  with  the  means  possessed  by  our  fore- 
fathers a  thousand  years  ago, — our  Eutopian  scheme  of  ail  the 
less  elevated  parts  of  England  being  rendered  as  fertile  as  the 
most  fruitful  garden,  at  the  end  of  one  or  two  more  decades  of 
centuries,  will  not  perhaps  appear  so  very  improbable. 

The  soils  of  England  naturally  divide  themselves  into  three 
primary  classes,  visr.  sandy,  clayey,  and  calcareous,  each  inehi- 
ding  a  number  of  secondaries,  or  subordinates. 

The  sandy  are  the  outcrops  of  the  siliceous  formations;  and 
the  prevailing  character  of  the  most  pure  of  them  is  MttriMUf. 
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Commencing  with  the  uppermost— the  Bagshat  Sand,  claims  our 
first  attention.  It  is  nearly  pure  silicay  though  occasionally 
mixed  with  hrick  earth,  or  clay  without  lime :  it  is  therefore  a 
very  poor,  hungry  soil,  producing  only  heath  and  furze,  and 
presenting  extensive  wastes  in  the  immediate  neighbourhood  of 
the  Metropolis.  The  Green  Sand  that  underlies  the  chalk 
marie  is  the  next  in  order.  It  presents  many  downs  covered 
with  heath,  both  in  Devonshire  and  Surry,  but  the  valleys  have 
often  a  light,  loamy  soil,  especially  in  Wiltshire,  of  considerable 
fertility.  A  vast  proportion  also  of  the  Iron  Sand  is  covered 
with  heath,  as  the  Dissingham  Heath,  Norfolk.  It  is,  in  many 
cases,  favourable  to  the  growth  of  wood,  as  in  the  Wealds  of 
Kent  and  Sussex;  near  Wobourn,  Beds.,  are  also  extensive 
pkntatioDS  upon  it.  However  some  parts  of  it  are  famed 
for  fertility  and  early  crops,  in  Cambridgeshire  it  forms 
excellent  garden  grounds,  in  Bedfordshire  it  is  esteemed  for 
the  growth  of  potatoes,  and  some  of  the  hop  grounds  of  Kent 
aie  upon  it.  All  the  water  which  falls  upon  these  sands  per* 
meate  to  the  subjacent  clayv,  and  are  generally  thrown  out  as 
chalybeate  springs,  and  occasionally  as  moving  quicksands. 
The  outcrop  of  the  middle  series  of  new-red-sandstone  forms 
many  sterile  tracts,  producing  only  fern»  heath,  bent,  and  a  lean 
hungry  grass.  The  sandy  tracts  of  the  coal-measures  are  of 
small  extent,  and  are  usually  poor,  and  heathy.  The  millstone- 
grit  generally  forms  elevated  and  barren  moor  lands,  covered 
with  mountain  peat  and  mosses;  to  the  growth  of  which  it 
seems  favourable,  both  from  its  cold  and  humid  atmosphere 
caused  by  its  elevation,  and  from  its  retentive  nature,  occa- 
sioned by  its  quartzose  particles  having  an  argillaceous  cement 
The  most  elevated  parts  of  the  old- red -sandstone  are  also 
covered  with  the  mosses;  but  in  lower  situations,  where  it 
alternates  with  the  argillaceous  beds,  and  is  farther  capable  of 
improvement  from  the  lime  of  the  supexincumbent  mountain- 
limestone,  or  the  subjacent  transition,  it  affords  a  luxuriant 
soil,  as  is  proved  by  the  rich  fields  and  luxuriant  orchards  of 
Herefordshire. 

The  secondaries,  or  subordinates,  belonging  to  this  class, 
are  the  alluvial  and  diluvial  formations;  which  in  all  countries 
are  the  most  fertile  and  most  highly  cultivated  tracts  of  land* 
Among  these  may  be  classed  the  conglomerate  beds  or  gravel. 
They  will  include  also  the  Upper  marine  or  Suffolk  Chrag,  which 
both  in  Suffolk  and  Norfolk  affords  a  sandy  soil,  blended  with 
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a  rich  loam,  and  constitutes  the  most  fertile  and  highly  culti- 
vated tracts  of  England.  The  shelly  mass  of  the  Crag  affords 
a  useful  manure  for  poor  soils.  The  conglomerate  beds  of  the 
new-red-sandstone,  may  be  traced  all  the  way  from  near  Hart- 
lepool to  Nottingham*  and  afford  many  fertile  patches,  particu- 
larly famed  for  the  growth  of  turnips  and  barley.  But  these 
beds  are  not  always  the  most  fertile,  where  they  present  them- 
selves among  the  strata  of  the  magnesian  limestone. 

The  clays  are  the  next  class ;  the  prevailing  characteristic  is  a 
mediocrity  of  fertility,  though  their  position  is  generally  favour- 
able from  their  low  situation.  The  London  clay  first  presents 
itself  to  our  notice.  It  chokes  the  plough,  and  after  rain  ad- 
heres to  the  shoes,  but  is  not  slippery.  It  forms,  in  very  drj 
weather,  especially  on  the  Nore,  south  of  Walton,  a  sort  of 
pavement,  in  some  degree  resembling  the  Giant's  Causeway, 
being  split  into  a  number  of  small  columns.  Tt  is  favourable  to 
the  growth  of  wood,  especially  the  oak,  elm,  and  ash  ;  but  ibr 
com,  requires  chalking.  However  in  many  places  the  strata 
alternate  with  sand;  and  where  these  are  near  the  soHace, 
there  is  a  more  kindly  soil ;  and  the  greater  part  of  its  surface 
has  alternate  beds  of  rich  marles,  and  loams,  which  ofteo, 
especially  around  and  beneath  London,  alternate  with  grafel 
and  sand  to  the  depth  of  30  or  40  feet.  The  Plastic  clay  is 
composed  of  an  indefinite  number  of  sand,  clay>  and  gravel 
beds,  irregularly  alternating;  and  therefore  it  presents  manj 
descriptions  of  soils,  difiTering  little  from  the  kindred  soils  is 
other  formations,  but  not  the  most  fertile  from  a  deficiency  of 
lime.  The  Weald  clay  varies  from  a  dark  tenacious  clay,  to  a 
blue-grey  calcareous  marie.  It  is  favourable  to  the  gFowth  of 
wood;  but  from  its  deficiency  of  silica  is  not  famed  for  fertility. 
Kimmeiidge  clay  is  favourable  to  the  growth  of  oak.  The  soil 
of  the  Oxford  clay  is  of  three  or  four  kinds.  The  most  clajej 
is  barren  and  unmanageable,  yet  the  vale  which  extends  from 
Melbury  to  Shaftesbury  in  Dorsetshire,  is  famous  for  butter; 
and  in  Lincolnshire,  this  formation  is  covered  by  a  fertiliuog 
chalk  breccia,  so  that  it  appears  like  a  white  clay ;  and  in  manj 
parts  its  agricultural  character  is  improved  by  alluvial  matter. 
A  clayey  soil  predominates  in  the  coal  districts,  being  the  oit- 
crop  of  the  slate-clay.  It  is  poor,  and  requires  a  great  deal  of 
draining  and  liming ;  and  when  in  pasture,  is  subject  to  be 
overrun  with  daisies  and  other  insignificant  weeds  to  Uie  exdo- 
sion  of  useful  herbage.    The  shale  of  the  millstone  grit  is  a 
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good  deal  of  the  same  nature ;  thoagh  in  some  parts  it  contains 
lime,  and  is  then  more  fertile : — sulphate  of  iron  often  prevails 
in  these  clays. 

The  calcareous  soils.  Of  these  the  chalk  forms  the  most 
prominent  featare,  and  the  prevailing  characteristic  of  its  most 
elevated  parts  is  sterility ;  while  that  of  its  valleys  is  great  fer- 
tility; bat  this  chiefly  where  it  comes  in  contact  with  other 
formations.  In  Champagne,  France,  it  is,  in  places,  absolutely 
uninhabitable,  but  there  it  contains  magnesia;  however,  in 
England,  the  population  is  supposed  to  be  less  on  the  chalk 
than  on  any  other  secondary  district,  though  the  most  barren 
parts  generally  afford  pasturage  for  sheep.  It  is  particularly 
favourable  to  the  growth  of  the  beech;  the  Chiltem  hills  in 
Oxfordshire  were  formerly  covered  with  it,  and  afforded  shelter 
to  banditti;  hence  the  office  of  the  steward  of  the  Chiltem 
hundreds,  the  acceptance  of  which,  though  now  only  nominal, 
enables  a  member  to  vacate  his  seat  in  parliament.  The  ooUte$ 
are  too  numerous  for  us  to  particularize ;  lime,  and  silica  are 
their  prevailing  ingredients,  but  these  without  clay  do  not  form 
a  fertile  soil ;  however  as  they  frequently  contain  beds  of  clay 
and  fuller's  earth,  the  valleys  are  often  fertile.  The  cornbrash 
may  be  particularly  mentioned  for  its  fertility ;  and  the  fuUer'a 
earth  of  the  inferior  oolite,  is  very  favourably  compounded  for 
the  agriculturalist,  and  famed  for  its  fertility  ;  as  is  also,  in  a 
remarkable  degree,  the  sand  below  this  oolite.  The  soil  of  the 
fnagnesian  limestone  is  very  various,  chiefly  owing  to  its  different 
strata  or  beds  containing  different  proportions  of  magnesia — 
that  earth  varying  from  11  to  46  per.  cent.  It  may  be  observed 
of  most  of  its  least  fertile  parts,  that  their  prevailing  character 
is  a  blue  or  red,  dense,  tenacious  and  cold  clay;  generally  more 
favourable  to  tillage  than  pasturage  from  the  growth  of  the  pry- 
grass,  or  shar-grass  (festuca  pinnata)  a  short,  sharp,  bluish 
grass  that  nothing  will  eat.  The  more  fertile  parts  present  a 
chocolate  brown  soil,  favourable  to  the  growth  of  the  spiked- 
heath  broom  grass,  the  sweet-scented  violet,  the  yellow  rose, 
and  occasionally  the  oak,  elm,  and  walnut  trees.  The  mowUain 
limestone  is  mostly  too  elevated  to  be  fertile,  and  of  too  rubbly  a 
nature  for  vegetation ;  but  where  the  soil  has  been  improved 
by  burnt  lime,  it  produces  good  pasturage. 

Maries  may  be  considered  as  subordinate  to  the  calcareous 
class:  they  form  some  of  our  most  fertile  tracts  of  land.  The 
chalk  marie  comprises  three  varieties  of  soil.    The  uppermost  it 
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like  the  chalk ;  the  lowest  is  too  clayey  and  tenacious ;  the  mid- 
dle from  a  combination  with  both,  presents  a  warm,  cmmbling, 
marly  soil,  very  rich  and  valuable;  and  even  the  lowest  beds, 
which  graduate  into  the  green  sand,  are  occasionally  gready 
improved  by  flinty  gravel  and  the  debris  of  the  overhanging 
chalk  cliffs.  There  are  some  rich  marly  beds  among  the  ooliie$; 
and  the  red  marie  of  the  new-red-sandstone,  throughout  its 
range,  forms  some  of  the  , richest  lands  in  England,  for  nearly 
all  kinds  of  grain  as  well  as  for  pasturage;  in  some  places  it  is 
equally  famed  for  its  cyder;  though  it  contains  some  tracts 
deficient  in  lime,  which  are  consequently  cold  and  tenacious. 

The  transition  and  primary  formations  are  generally  too  high 
for  agriculture  and  of  too  compact  a  nature  for  pulverizing 
readily  into  soils.  The  slates  or  kilias  in  Devonshire  and 
Cornwall  generally  form  a  rubbly  soil  of  shivery,  not  pulverised, 
fragments  of  slate.  But  the  valleys  containing  diluvial  and 
alluvial  matter,  and  occasionally  a  considerable  way  up  the 
southern  side  of  the  mountains,  especially  where  there  are  siU- 
ceous  and  calcareous  formations,  from  the  quantity  of  fine  vege- 
table particles  swept  by  the  rains  from  more  elevated  situations, 
are  often  remarkably  fertile. 

3.   THB  POOD  OF  PLANTS. 

How  necessary  the  retention  of  water  is  for  the  food  of  plants, 
win  appear  from  the  following  circumstances ;  which  also  prove 
that  if  they  have  water  and  air,  they  will  vegetate  freely  with- 
out'any  great  abundance  of  manure,  that  is,  carbon  and  hydro- 
gen, or  vegetable  matter,  in  the  soil.  For  experiments  shew 
that  plants  will  grow  in  moistened  substances,  from  which  thej 
can  dissolve  or  decompose  nothing;  such  as  woollen  clotli, 
moss,  river  sand,  litharge,  flowers  of  sulphur,  metal,  and  even 
shot  corns ;  and  nothing  supplied  to  them  but  a  regular  quantity 
of  distilled  water.  Seeds  sown  in  such  media  have  germinated, 
passed  through  all  the  gradations  of  vegetation  to  maturity  aid 
consequent  decay ;  and  yet,  when  analysed,  each  part  of  the 
plant  was  as  perfect  as  to  ingredients  as  if  it  had  grown  in  the 
most  favourable  soil;  and  contained  the  various  earths,  alkalies, 
acids,  metals,  carbon,  sulphur,  phosphorus,  nitrogen,  hydrogen, 
oxygen,  &c.  though  nothing  had  been  supplied  but  distilled 
water.  A  willow  weighing  60  lbs.  was  planted  in  a  certain 
quantity  of  earth,  carefully  covered  with  ibeet  lead,  and  in  tliis 
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state  was  kepi  for  the  space  of  5  years,  daring  which  tioie  it 
was  regularly  fed  with  distilled  water.  At  the  end  of  that 
period  the  tree  weighed  169 Ihs.  3oz.;  though  the  earth,  in 
which  it  had  vegetated,  had  lost  only  3  ounces  in  weight.  This 
experiment  has  heen  frequently  repeated  with  similar  results. 

The  above  experiments  demonstrate,  that  the  power  of  land 
for  retaining  water  is  of  the  first  importance;  and  that  the  agri- 
culturist's chief  attention  should  be  directed  towards  it  as  the 
foundation  of  his  success.     But  at  the  same  time  he  should  be 
acquainted  with  the  component  ingredients  of  the  soil;    for 
should  he  sow  such  grain  as  requires  for  its  composition,  what 
his  soil  does  not  contain,  he  must  expect  a  defective  crop.     If 
,    his  land,  for  instance,  contain  no  phosphate  of  lime,  he  should 
not  venture  on  clover,  rye  grass,  saintfoin,  and  lucerne<  if  no 
nitrate  of  soda  or  potas,  he  cannot  look  for  the  best  barley  crop. 
Though  the  above  experiments  seem  to  prove,  that  the  plant 
will  extract  such  ingedients  from  the  atmosphere,  which  is  a 
storehouse  of  all  kinds  of  effluvia ;  yet,  it  cannot  be  expected 
that  it  will  obtain  a  sufficient  supply  for  a  luxuriant  growth. 

Carbome  acid  is  the  pabulum,  next  to  water,  of  the  greatest 
importance  in  vegetation.  We  have  in  several  places  shewn 
that  sueb  large  quantities  of  this  gas  are  generated  by  fermen- 
tation, putrefaction,  combustion,  and  tho  respiration  of  animds, 
that  were  it  not  dispersed  by  strong  winds,  it  would  in  large 
crowded  cities  accumulate  to  such  a  degree,  as  to  suffocate  the 
inhabitants;  and  in  aU  places,  it  would  deteriorate  the  air,  were 
it  not  for  the  perfection  with  which  Divine  Wisdom  fabricated 
the  world,  so  as  to  ordain  this  gas  to  be  the  food  of  plants.  And 
that  more  might  not  be  generated  than  they  can  consume,  the 
Creator  gave  them  the  capacity  of  absorbing  a  great  deal  more 
than  the  air  in  a  natural  state  is  ever  found  to  contain.  For 
experiments  demonstrate,  that  air  charged  with  one  eighth  of 
this  gas  promotes  vegetation;  but  if  in  larger  proportion,  it 
retards  or  destroys  it  However  this  is  much  more  than  the 
atmosphere  is  ever  likely  to  contain,  a  thousandth  part  being 
considered  as  its  specific  quantity.  Therefore  we  need  be 
under  no  apprehension  of  there  being  more  generated  than  the 
vegetable  kingdom  can  consume,  and  that  the  superabundance 
shofuld  prove  fatal  to  animal  life;  for,  as  long  as  the  wind  blows  to 
disperse  and  blend  it  in  the  atmosphere,  or  remove  it  from  our 
dwelliags,  so  long  will  the  consumption  of  vegetables  keep  pace 
ith  lis  production. 

4a2 
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But  plants  have  two  means  by  which  they  supply  themsel?es 
with  this  gas.  The  one  is  by  imbibing  it  from  the  atmosphere, 
by  the  myriads  of  little  months  or  spiracles  which  are  fonnd 
disposed  all  over  the  under  sides  of  the  leaTCs,  and  sometimes 
upon  the  stalks.  Plants  growing  in  elevated  situations,  as  on 
the  summits  of  primitive  mountains,  where  the  carbonic  acid  is 
in  very  small  quantity  compared  with  the  plains,  are  remarkable 
for  their  hairiness.  They  thus  inhale  it,  and  thence  it  is  car- 
ried into  the  sap  vessels,  where  it  is  blended  with  that  fluid. 
The  other  means  is  by  the  office  of  the  roots,  which  pump  it  up 
from  the  soil  along  with  the  water  and  the  other  ingredients  of 
the  sap.  The  following  experiment  proves  that  the  luxuriance 
of  vegetation  principally  depends  on  the  quantity  obtained  from 
this  source.  Two  beans  were  planted. in  two  pots;  the  soil  in 
the  one  pot  was  moistened  with  water  only,  and  that  in  the 
other  with  water  and  carbonic  acid;  the  plant  in  the  latter 
appeared  above  ground  nine  days  earlier  than  the  other,  and 
produced  25  beans;  while  the  one  that  had  water  only  produced 
but  15. 

The  principle  on  which  manure  promotes  vegetation,  is,  its 
continually  kneading  the  soil  with  water  and  carbonic  acid,  and 
thus  furnishing  a  constant  supply  to  the  roots  of  the  plant. 
The  mode  in  which  manare  is  generally  prepared,  is,  by  dispos- 
ing a  quantity  of  animal  and  vegetable  productions  in  aheap,  in 
the  open  air,  when  moisture  is  supplied  by  the  rain;  and  as  it  is 
a  law  of  Nature  that  her  electric  energies  be  never  dormant, 
where  they  have  a  conductor  to  act  as  a  solvent,  which  in  this 
case  is  moisture;  so  the  elementary  particles  of  carbon,  hydro- 
gen and  oxygen  begin  to  form  a  closer  union,  and  heat  is  evolved, 
which  hastens  the  process  of  dissolution  throughout  the  whole 
mass.  Though  this  system  may  be  practically  of  great  advan- 
tage by  accelerating  the  process  of  decomposition,  and  enabling 
the  Agriculturiii  at  the  least  expence  lo  reap  a  more  immediate 
profit  from  his  manure;  yet,  it  is  theoretically  bad; — for,  should 
there  be  a  free  access  of  air,  then  the  manure  is  abundantly 
converted  into  carbonic  acid  and  water,  which  escape  into  the 
atmosphere,  and  to  himself  is  comparatively  lost;  though  it  is  no 
loss  to  his  neighbour,  or  to  the  great  labratory  of  nature.  Now 
as  manure  principally  promotes  the  growth  of  plants  by  supply- 
ing the  roots  with  carbonic  acid ;  the  earlier,  therefore,  that  it 
is  laid  on  the  glebe,  the  better ;  in  order  that  the  soil  may  be- 
come kneaded  with  the  acid  as  it  dissolves,  and  that  the  crop 
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may  have  the  beneBt  of  the  whole.  However  as  this  can  only 
be  done  in  some  cases,  and  for  other  purposes  dissolved  manures 
must  be  used,  the  compost  is  the  most  frugal  and  useful  of  all 
preparations.  For  by  mixing  up  a  quantity  of  hungry,  earthy 
materials  along  with  the  undissolved  animal  and  vegetable  sub- 
stances ; — while  the  latter  are  converting  into  manure,  the  for- 
mer imbibe  the  carbonic  acid  which  would  otherwise  escape 
into  the  atmosphere,  and  the  whole  becomes  nearly  as  rich  as  an 
equal  weight  of  manure. 

4.   GERMINATION. 

We  are  now  arrived  at  the  operations  of  that  unknown  prin- 
ciple called  Life.  That  plants  should  be  propagated  from  seeds, 
and  even  slips  and  cuttings,  is  what  might  be,  in  some  measure, 
expected ;  since  it  is  a  mere  increase  of  the  vital  spark :  but 
there  are  certain  instances  of  what  may  be  called  equivocal 
generation  in  the  inferior  kinds  of  vegetable  productions,  as  also 
in  the  lower  orders  of  animated  beings,  which  call  forth  a  degree 
of  wonder.  There  are  also  certain  instances  of  electric  or  chemi- 
cal combinations,  which  almost  induce  the  belief  that  vegetable 
life  is  not  far  removed  from  the  mere  result  of  the  electric 
energies.  The  marks  caused  by  the  presence,  or  left  by  the 
passage  of  the  positive  electric  fluid,  have  somewhat  of  the 
apparent  ramifications  of  a  leaf  or  branch ;  while  those  of  the 
negative  more  resemble  the  roots  of  plants ;  being  either  bulbous 
or  in  mere  converging  or  diverging  streaks.  The  precipitations 
known  by  the  names  of  the  Arbor*  Diana  and  Arbor  Martialis, 
and  that  late  discoveryf  of  Professor  Maschmann  of  Christiana. 


*  "  Form  an  amalgam  with  four  parts  of  nlver  and  two  of  mercury,  and  dis- 
Bolye  this  amalgam  in  diluted  nitric  acid.  Then  add  water  to  the  solution,  equal 
to  30  time  the  weight  cf  the  metab  employed,  and  put  the  whole  aside  for  use. 
If  an  ounce  of  this  solution  be  poured  into  a  phial  and  a  small  piece  of  soft 
amalgam  of  silver  be  dropt  in,  filaments  of  reduced  silver  will  shoot  from  it,  and 
extend  upwards  in  the  form  of  a  shrub.  The  appearance  of  arborescence  is  called 
The  Tree  of  Diana.**    Parkes'  Ch.  Cat. 

f  '*  A  glass  tube  is  to  be  bent  into  a  syphon,  and  placed  with  the  curve  down- 
wards, and  in  the  bend  is  to  be  placed  a  small  portion  of  mercury,  not  sufficient  to 
close  the  connexion  between  the  two  legs ;  a  solution  of  nitrate  of  silver  is  then 
to  be  introduced  until  it  rises  in  both  limbs  of  the  tube.  The  precipitation  of  the 
mercury  in  the  form  of  an  arbor  Diana  will  then  take  place,  slowly  only  when 
the  syphon  is  placed  in  a  plane  perpendicular  to  the  magnetic  meridian  j  but  if 
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Also  the  finely  pulverized  ashes  ascending  from  the  crater  of  a 
▼olcano,  sometimes,  in  the  middle,  present  the  appearance  of  a 
finely  spreading  plane-tree.  The  most  nearly  allied  to  these  is 
the  mould  on  putrefying  animal  or  vegetable  substances,  the  dry 
rot,  and  fangi.  Again,  the  top  of  a  new  brick  or  stone  wall,  and 
teven  the  walls  of  a  house  built  with  stone  but  recently  extracted 
from  the  bottom  of  a  quarry  many  feet  below  the  surface  of  the 
earth,  will  often  become  as  green  as  if  painted.  When  this 
colouring  matter  is  examined  with  a  microscope,  it  proves  to  be 
a  fine  silky  pellicle,  consisting  of  the  minute  buds  of  a  moss, 
which  die  with  the  first  dry  weather.  Such  brick  or  stone  walls 
afterwards  become  covered  with  a  coat  of  lichens  considerably 
thicker  than  the  first,  which  in  their  turn  decay  and  famish 
soil  for  ^  succession  of  larger  mosses,  and  afterwards  plants  of 
stronger  growth  or  tufts  of  grass.  Add  to  these,  that  plaalt 
grown  in  climates  of  the  same  temperature,  whether  on  the  tops 
of  the  Andes  under  the  torrid  zone,  or  in  Lapland,  are,  accord- 
ing to  Humboldt,  in  a  great  measure  of  the  same  class.  The 
shrub  arbuta  uva  ur$i,  is  a  native  of  Scotland,  Switzerland,  and 
Canada. 

The  origin,  of  some  of  the  above,  seems  so  far  doubtful  as  to 
appear  like  a  new  creation ;  though  others  may  have  spnmg 
from  seed  dispersed  by  the  wind  ;  while  the  seeds  of  the  rest 
may  have  laid  dormant  in  the  bowels  of  the  earth,  which,  heing 
excluded  from  the  air,  never  before  germinated.  An  instance 
is  recorded  of  some  white  mustard  seed,  lately  dug  up  with  some 
alluvial  soil  in  America,  which  immediately  grew  luxuriantly, 
though  it  was  ascertained  that  it  had  been  buried  two  hundred 
years.  Some  wheat,  found  inclosed  with  an  Egyptian  mammy, 
was  quite  fresh  and  grew  as  well  as  if  it  had  been  the  produce 
of  the  preceding  harvest ;  though  it  must  have  been  entombed 
or  thus  excluded  from  the  air,  at  least  two  or  three  thousand 
years.  When  most  soils  are  broken  into,  they  generally  pro- 
duce a  large  crop  of  weeds  never  before  known  in  that  place, 


it  be  placed  in  a  plane  coinciding  with  the  magnetic  meridian,  the  action  is  nfid 
and  the  crystallization  particularly  beautiful,  taking  place  principally  in  tkit 
branch  of  the  syphon  towards  the  north.  If  the  sj-phon  be  placed  In  a  plane 
perpendicular  to  the  magnetic  meridian,  and  a  strong  magnet  be  broqght  aar 
it,  the  precipitation  will  recommence  in  a  short  time,  and  be  moat  copioiia  m 
the  branch  of  the  syphon  nearest  to  the  south  pole  of  the  magnet.*'    N.  II.  JH^ 
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but  which  gradually  give  way  to  cultivated  plants.*  Coarse 
grass  may  generally  be  destroyed  by  a  good  dressing  of  quick- 
lime, and  a  finer  herbage  produced.  While  the  beds  of  rotten 
stoue  in  the  magnesiaii  limestone,  with  several  other  instances, 
will  in  a  few  years  produce,  when  laid  on  arable  land,  a  luxu- 
riant crop  of  rank  weeds  of  peculiar  kinds. 

1  he  most  intelligible  kind  of  germination,  and  therefore  that 
to  which  we  shall  confine  our  attention,  is  that  of  seeds.  AH 
seeds  consist  of  an  outward  coat  or  covering;  and  an  internal 
white  substance  called  the  parenchyma,  which,  as  we  have 
already  stated,  consists  of  fecula,  mucilage  and  oil.  It  is  some- 
times, as  in  wheat,  barley,  oats  and  all  the  grasses,  of  a  piece: 
but  it  is  oftener  divided  into  two  lobes  called  cotyledons,  as  in 
the  bean,  lupin,  &c,;  and  occasionally  into  three,  and  in  some 
seeds  into  six.  The  cotyledons  are  divided  by  a  darker  coloured 
string  called  the  radicle,  from  its  forming  the  root  of  the  young 
plant. 

When  the  seed  is  buried  in  the  earth  at  a  temperature  above 
40  degrees,  it  absorbs  moisture  which  .produces  the  saccharine 
fermentation.  The  warmth  thus  occasioned  seems  to  be  to  the 
plant  what  it  is  to  the  egg  during  incubation,  the  resuscitator 
of  life.  The  swelling  of  the  parenchyma,  and  the  enlargement 
of  the  radicle,  which  now  forces  the  cotyledons  asunder,  burst 
the  seed ;  and  the  ra<licle,  protruding  two  or  three  fangi^,  strikes 
them  into  the  ground.  But  while  this  is  going  on,  another  part 
is  also  developing  itself,  by  protruding  upwards,  called  the 
plumula,  wh^ch  seems  to  be  a  continuation  of  the  radicle  in« 
closed  within  the  lobes,  and  which  now  forms  the  upper  part  of 
the  plant.  During  this  time,  the  parenchyma  with  the  absorbed 
moisture  furnishes  sustenance;  and  the  cotyledons,  as  soon  as 
they  rise  with  the  plumula  to  the  earth's  surface  and  come  in 
contact  with  the  air,  are  converted  into  thick  clumsy  leaves ; 
which  continue  in  vigour,  till  such  times  as  the  leaves  on  the 
plumula  are  not  only  developed,  but  have  attained  such  strength 
as  to  perform  the  office  of  respiration ;  when  the  cotyledons  in 
general,  having  spent  their  parenchymatous  matter,  fall  off. 

The  plant  being  thus  far  advanced,  the  underside  of  the  leaf 
will  be  found  very  rough,  uneven,  and  covered  with  a  beard  or 
down  to  catch  the  moisture  as  it  rises  from  the  ground  by 
evaporation,  and  attract  all  the  carbonic  acid  gas  that  comes  near. 
The  upper  side  of  the  leaf,  likewise,  is  beset  all  over  with  an 
infinite  number  of  spiracles  or  mouths  of  vessels ;  but  as  these 
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vessels  are  only  intended  to  carry  oflf  or  assist  the  escape  of  the 
oxygen  gas,  that  side  of  the  leaf  is  accordingly  smooth,  so  that 
more  facility  may  be  given  to  its  delivery.  , 

6.   ORGANIZATION. 

There  is  a  great  analogy  between  the  economy  of  plants  and 
animals ;  the  leaves  in  the  former  performing  a  similar  office  to 
the  lungs  in  the  latter ;  while  the  roots  supply  the  sap  in  the 
same  way  that  the  lacteals  pump  up  and  convey  nourishment  to 
the  blood.  Sap  and  blood  are  therefore  to  a  certain  degree 
analogous,  and  each  has  its  appropriate  system  of  vessels,  whe- 
ther in  the  stem  of  the  plant  or  body  of  the  animal.  In  sach 
plants  as  are  yearly  renewed,  these  vessels  are  disposed 
throughout  the  whole  stem  ;  but  in  trees,  they  are  chiefly  con- 
tained in.  the  bark;  yet  as  the  bark  is  annually  renewed,  the 
principle  is  the  same.  The  bark  is  composed  of  the  epidermis, 
the  parenchyma,  and  the  cortical  layers. 

The  Epidermis  is  the  external  covering  of  the  plant.   In  some 
plants  it  is  a  thin  transparent  substance,  having  the  fibres  cross- 
ing each  other  like  network,   thus  giving  strength  to  the  whole. 
But  in  others,  as  in  the  stems  of  corn,  in  the  reed,  cane,  and  the 
glasses,  it  is  mostly  glassy  and  white;  it  is  chiefly  composed  of 
a  thin  pellicle  of  silica ; — hence  the  sharpness,  hardness,  aitf 
strength  of  such  stems.     In  evergreens  the  epidermis  is  cos- 
pos^d  of  a  resinous  substance,  and  there  are  some  plants  whereii 
it  is  iormed  of  wax.     In  such  cases,  it  serves  as  a  varnish  to 
protect  them  from  the  inclemency  of  the  weather; — resin  or 
wax  having  very  little  affinity  for  water.    But  while  the  epider- 
mis thus  forms  a  protection  against  too  much  moisture;  it  ti 
also  of  such  a  texture  as  to  prevent  too  great  evaporation  by  the 
heat  of  the  sun,   and  thus  performs  a  double  oflice. 

The  Parenchyma  is  the  thin,  green  rind  that  is  immediately 
beneath  the  epidermis.  It  extends  over  all  parts  of  the  plant; 
and  where  the  epidermis  is  not  found,  as  in  the  leaves,  tk 
parenchyma  gives  the  visible  green  colour:  The  parenchyas 
contains  the  largest  tubes  in  the  tree,  which  seem  destined  to 
receive  the  substances  secreted  from  the  sap. 

The  Cortical  Layers  are  immediately  next  the  wood.  Thej 
contain  a  great  deal  of  tannin  and  gallic  acid,  and  are  filled  wiA 
the  vessels  that  convey  the  sap  after  it  has  been  elaborated  by 
the  leaves.     By  them  the  digested  sap  or  secreted  substanoes 
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are  regularly  spread  over  all  parts  of  the  tree,  and  deposited  in 
the  vessels  of  the  parenchyma,  where  it  lays  the  rudiments  of 
incipient  wood,  or  fills  the  kernel  of  the  seed,  or  parenchyma  of 
the  fntore  plant. 

Next  to  the  cortical  layers  is  the  wood  called  the  Alburnum; 
and  in  this  are  the  vessels  in  which  the  sap  ascends.    Wood  is 
composed  of  woody  fibre,  mucilage,  and  resin.     The  fibres  are 
of  two  kinds,  and  are  differently  disposed.     One  set  runs  up 
and  downr  in  the  tree,  and  forms  what  is  called  the  siher  grain. 
The  fibres  of  the  other  are  concentric,  rimning  round  the  tree, 
and  are  called  the  spurious  grain.  Tbey  form  layers,  which,  when 
the  tree  is  cut  horizontally,  appear  like  so  many  concentric  cir- 
cles from  the  pith  of  the  tree.     By  their  number,  the  age  of  the 
tree  may  be  ascertained,   as  one  of  them  is  produced  every 
summer  in  the  parenchyma ;  and  the  next  summer  is  converted 
into  the  outermost  layer  of  the  alburnum.     No  sap,  except  in 
the  oak  and  some  few  others,  ever  rises  in  the  innermost  layers 
of  the  alburnum,  which  form  what  is  called  the  heart  wood; 
.  hence  we  find  the  heart  wood  in  a  great  many  trees  completely 
decayed,  and  the  tree  hollow ;  while  the  vegetatiod  and  forma- 
tion of  new  layers  of  the  alburnum  are  going  on  as  vigourously 
as  ever.  But  in  the  oak,  where  the  vessels,  though  very  minute, 
still  continue  in  the  very  centre  of  the  tree  to  convey  some 
sap,  the  heart  becomes  and  continues  the  most  firm  and  durable 
part  of  the  wood. 

Thus  then  the  alburnum  vessels  take  the  sap  from  the  roots 
to  the  leaves  where  it  is  elaborated ;  and  the  vessels  of  the  cor- 
tical layers  receive  it  and  convey  it  all  over  the  tree,  filling 
the  tubes  of  the  parenchyma.  This>  is  the  progress  of  the  sap  in 
one  summer ;  but  it  does  not  a]ppear  that  any  sap  is  returned 
in  the  autumn  to  the  roots,  more  than  what  is  elaborated  to 
increase  their  bulk  proportionately  with  the  rest  of  the  tree, 
so  that  it  cannot  be  said  tq  have  undergone  a  complete  circula- 
tion. 

6.   FRUCTIFICATION. 

The  design  of  all  the  beautifal  flowers,  with  which  we  see 
the  earth  bedecked,  is,  by  their  peculiar  organiaUion,  to  lay 
the  foundation  of  the  seed  from  which  the  future  plant  ia  to 
come ;  and  the  pulp  or  soft  esculent  part  of  all  fruits,  called  the 
pericarp,  b  the  mere  protection  of  that  seed. 

4  B 
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Every  flower  generally  consists  of  the  outer  green  cup  called 
the  calyx,  and  the  corrolla  or  petals,  being  the  leaves  whereon 
the  beautiful  colours  are  depicted.  At  the  bottom  of  the  corolla 
is  the  nectarium,  or  the  place  where  the  honey  is  secreted ;  and 
which  is  the  seat  of  the  germen,  wherein  are  laid  the  6rst  rudi- 
ments of  the  young  seed.  The  calyx  seems  a  fine  extention  of 
the  parenchyma  and  the  corolla  of  the  cortical  layers;  and  are 
evidently  designed  to  protect  and  assist  a  very  delicate  exten- 
sion of  the  pith  of  the  wood  which  arises  from  the  germen, 
called  the  pistil.  The  stem  of  this  pistil  is  hollow  and  is  called 
the  style.  At  the  end  of  it  is  a  knob  or  head  covered  with  a 
gummy  substance.  Besides  this  pistil,  there  is  another  stem 
rising  from  the  germen  or  bottom  of  the  cup,  called  the  stamen. 
Its  head  is  differently  shaped  from  that  of  the  pistil,  and  is 
provided  with  a  fine  yellow  dust  called  the  pollen.  In  process 
of  time  this  pollen  falls  upon  the  head  of  the  pistil ;  and»  being 
retained  by  the  gum,  is  thence  carried  down  its  style  to  the 
germen,  where  the  young  seed  begins  to  be  formed.  The  ger- 
men afterwards  becomes  the  pericarp. 

In  most  plants  there  are  more  stamens  than  one;  mnd  hi 
some,  the  pistil  and  stamens  are  not  in  the  same  flower,  but  in 
different  flowers  on  the  same  plant  Sometimes  all  the  pistils 
are  in  one  plant,  and  all  the  stamens  in  another;  and  in  some 
plants  there  are  no  seeds  or  flowers  developed.  Every  species 
of  plants  has  in  this  respect  a  peculiar  conformation;  and  on 
this  peculiarity  the  Botanist  and  Natural  Historian  has  seised 
as  the  distinguishing  characteristic  of  the  different  classes.  By 
this  means  all  plants  are  divided  into  24  clones.  But  as  eadi 
contains  different  kinds  of  plants,  they  are  subdivided  into 
orders,  of  which  there  are  121.  The  various  kinds  of  plants  are 
called  genera,  of  which  there  are  enumerated  above  2000 ;  bat 
as  most  of  the  genera  have  different  variations;  so  they  are 
subdivided  into  species,  of  which  there  are  above  30,000.  The 
foundation  for  genera  is  in  a  difference  in  the  nectarium ;  and 
the  difference  with  regard  to  the  root,  trunk,  and  leaves,  foms 
that  of  the  species.  But  among  the  species  are  distinctioBS 
without  number : — they  are  called  varieties. 

Those  flowers  which  have  but  one  pistil,  and  but  one 
form  the  1  class,  called  mondndria;  those  with  two  i 
form  the  2  class,  diandria;  and  so  on  to  the  11  class,  whidi 
includes  all  that  'have  from  eleven  to  nineteen  stamens.  ISL 
/cosondria'have  20  or  more  stamens,  and  they  are  inserted  opoo 
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the  caljrx  or  corolla.  13.  Polyandria,  include  all  that  have 
more  than  20  stamens,  without  the  abo?e  distinction.  14  DUfy- 
namia,  four  stamens,  two  long,  two  short.  15.  Tetradynamia, 
six  stamens,  four  long,  two  short.  16.  Manadelphia,  filaments 
united  at  bottom,  but  separate  at  top.  17.  Diadelphia,  filaments 
united  in  two  sets.  18.  Pofyadeiphia,  filaments  united  in  three 
or  more  sets.  19.  Syngenetia^  filaments  united  and  five  stamens. 
20.  Gynandria,  stamens  inserted  on  the  pistil  or  on  a  pillar  sup- 
porting the  pistil.  21.  Momecia,  stamens  and  pistils  in  separate 
corollas  upon  the  same  plant.  22.  Dicecia,  stamens  and  pistils 
in  distinct  corollas  on  difierent  plants.  23.  Pofygamia,  various 
situations,  stamens  only,  or  pistils  only.  24.  Cryptogamia, 
stamens  and  pistils  invisible  or  no  flowers. 

On  the  distribution  of  the  pollen  depend  agreatmuiy,if  notall, 
the  varieties  found  in  the  difierent  species,  and  perhaps  in  many 
genera;  for  when  the  pollen  of  one  species  of  a  genus  is  removed 
and  placed  upon  the  head  of  the  pistil  of  another,  the  seed  and 
future  plant  are  indistinct,  partaking  of  the  nature  of  both.  By 
this  means  the  species  of  apples  are  now,  by  the  horticulturists, 
mukiplying  without  number ;  and  some  assert  that  such  innova- 
tions are  necessary  for  maintaining  the  perfection  of  the  fruit 
Varieties  in  wheat,  peas,  and  a  number  of  plants,  have  already 
been  produced ;  and  thousands  of  experiments  of  this  kind  are 
at  present  going  on.  The  wind  also,  in  part,  performs  this 
office;  but  the  plants  belonging  to  the  21  and  22  classes,  are  sup- 
posed to  be  generally  indebted  for  this  distribution  to  bees  and 
other  insects,  that  enter  the  corolla  to  oxtract  the  honey  from 
the  nectarium,  carrying  away  the  pollen  on  their  downy  bodies, 
which  is  gathered  ofi*  by  the  gummy  heads  of  the  pistils  when 
they  enter  another  flower.  Bees-wax  seems  to  be  this  pollen, 
kneaded  into  a  paste  with  the  gummy  substance  of  the  pistil. 
But  even  in  flowers  that  contain  both  the  pistil  and  stamens. 
Nature  is  not  without  contrivance  in  the  fructifying  process; — 
for  it  is  found  that  when  the  pistil  is  shorter  than  the  stamens, 
the  flowers  grow  upright,  so  that  the  poUen  may  descend  upon 
the  pistil;  but  if  the  pistil  is  longer  than  the  stamens,  then  the 
flower  hangs  downwards,  that  the  pollen  in  falling  may  be 
caught  by  the  pistil.  Contrivance  is  the  mark  by  which 
Nature's  works  may  be  known! 

4  B  2 
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7.  VBOBTABLB  CHBMISTRT. 

We  have  hitherto  been  describing  only  the  mechanical  parts 
of  plants,  their  operations  and  productions;  we  have  not  jet 
touched  upon  the  secretion  and  formation  of  those  substances. 
This  is  the  chemical  part  of  vegetation,  and  depends  upon  the 
electric  energies  or  heat  the  connective  medium  between  Ufi 
and  the  simple  substances. 

Several  experiments  tend  to  prove  that  the  electric  enei^es, 
though'  certainly  not  vegetable  life,  perform  a  very  important 
office  in  vegetable  economy ,  no  less  than  that  of  acting  as  the 
vehicle  of  life.  It  is  found  that  seeds  will  neither  germinate  ts 
vacuo,  nor  in  the  absence  of  oxygen.  At  the  same  time,  they 
will  not  germinate  in  water  charged  with  negative  electricity; 
but  will  do  it  more  rapidly  in  water  charged  positively  than 
under  ordinary  circumstances*  Plants  also,  charged  with  the 
negative  fluid  from  a  machine,  wither  and  decay;  but  grow 
luxuriantly  when  charged  with  the  positive*  We  have.  Chap. 
XYI.  s.  1,  stated  that  the  air  is  sometimes  negative  and  some- 
times positive;  but  that  the  earth  is  always  negative;  now 
observations  demonstrate  that  plants  never  shoot  in  spring,  or 
at  any  time  make  any  great  shew  of  vegetation  while  the  air 
continues  negative,  even  though  the  solar  rays  fall  direct  upim 
them ;  but  in  the  very  depth  of  winter,  they  will  vegetate  when 
the  air  is  positive.  And  in  the  spring,  when  the  rir  has  beea 
positive  for  some  time,  and  vegetation  is  rapidly  advancing,  do 
sooiier  does  the  wind  change  or  the  air  become  negative,  thaa 
it  comparatively  ceases.  A  Blight  is  said  to  be  the  spawn  of 
insects,  ''Brushed  from  Russian  Wilds,"  that  eat  up  vegetation. 
Su6fi'1>lights  generally  come  with  a  dry  blue  mist,  or  blue  tinge 
in  the  air,  that  is  sometimes  attended  with  a  smell  resembliog 
that  which  is  occasioned  by  an  electric  spark.  May  not  this 
be  carburetted  hydrogen  gas  evolved  from  the  earth  by  a  charge 
of  the  negative  electric  fluid,  and  condensed  into  a  locomotife 
charge,  or  liberated  in  the  spring  more  particularly,  on  accoaDt 
of  the  sun  advancing  towards  the  northern  hemisphere  ?  Cer* 
tainly,  insects  are  generated  in  myriads  after  the  wind  has 
brought  the  blight ;  but  then,  may  not  the  electric  charges  have 
produced  a  disease  in  the  plant,  or  a  fermentation  of  its  juioes, 
causing  a  developement  and  exudation  of  the  saccharine  matter, 
in  the  fonn  of  what  is  vulgarly  known  by  the  name  of  the  Bmug 
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deWy  which  is  the  cooperating  cause  o(  this  exabefance  of 
animal  life,  by  affording  a  nidus  to  the  myriads  of  ovula  of  vari«> 
ous  animalculao  continually  floating  in  the  air? 

Plants  near  the  foot  of  thunder  rods  grow  vigorously ;  and 
on  this  principle  conductors  have  been  elevated  a  great  height, 
with  the  design  of  attracting  the  positive  fluid  from  the  clouds 
and  conducting  it  downwards  to  plants.  These  conductors 
were  supported  by  non-conducting  subslances  fixed  into  the 
ground »  so  that  they  did  not  come  in  contact  with  the  earth  or 
plants ;  but  the  lower  part  of  each  branched  off  into  a  great 
many  ramifications  furnished  with  spikes  pointing  downwards ; 
consequently,  the  electric  fluid  was  distributed  to  different  parts 
of  the  garden.  The  result,  in  most  cases,  is  said  to  have  fully 
answered  the  expectation  of  the  experimentalists ;  and  to  have 
proved^  that  the  principles  of  electricity  are  those  on  which 
vegetation  chiefly  depend.  The  leaves  of  plants  act  as  so  many 
spicula  to  attract  the  electricity  of  the  air  and  solar  rays :  — 
hence  very  high  trees  are  so  many  natural  conductors,  attract 
a  vast  quantity  of  the  electric  fluid,  and  consequently  put  forth 
a  luxuriance  of  foliage  proportionate  thereto.  It  is  a  well 
known  fact  that  positively  charged  winds  are  colder  to  the  lee- 
ward than  to  the  windward  of  plantations  or  forests  of  high 
trees,  by  being  thus  deprived  of  their  electricity. 

The  ascent  of  the  sap  in  the  tubes  of  the  alburnum  may  more 
reasonably  be  supposed  to  be  occasioned  by  the  electric  ener- 
gies, than  by  any  inherent  power  in  the  plant  similar  to  mus- 
cular contraction.  Should  a  small  capillary  tube  be  placed 
with  the  lower  end  in  water  or  any  other  liquid,  the  fluid  sub- 
stance will-  ascend  but  a  very  little  way ;  but  if  that  tube  be 
electrified,  the  liquid  will  immediately  ascend  very  rapidly 
along  it  The  lower  regions  of  the  air,  in  winter,  being  mostly 
negative,  and  the  solar  rays  having  little  effect,  no  sap  therefore 
rises  in  their  tubes;  and  the  only  sign  of  life  which  they  exhibit, 
is,  the  protrusion  of  a  small  quantity  of  mucilage  into  the  buds, 
which  may  be  the  last  ebbings  of  the  previous  summer's  sap; — 
and  if  they  be  carefully  observed,  it  will  be  found  that  even  this 
is  done  on  those  occasions  when  the  air  is  positive. 

The  art  of  making  microscopes  has  now  arrived  at  such  per- 
fection, that  by  their  assistance  Kature  has  actually  been  de- 
tected while  busy  in  the  process  of  vegetation.  The  extension 
of  a  blade  of  wheat  was  rendered  visible.  Little  globules  of  sap 
were  observed  ascending  from  the  roots  along  the  tubes.  These, 
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when  they  came  to  the  surface  of  the  plant  or  in  contact  with 
the  air,  exploded  and  deposited  their  elementary  materials  in 
the  blade.  Now  it  is  ascertained  that  all  vertical  bodies  mre 
positively  charged  at  the  top  and  negatively  at  the  bottom. 
The  sap  therefore  of  a  plant,  having  arrived  at  the  extremities 
of  the  ramifications  of  the  trunk,  comes  in  contact  with  positiTe 
electricity ;  and  being  chiefly  a  mixture  of  carbonic  acid  and 
water,  these  substances  are  decomposed.  The  carbon  of  the 
acid  and  the  hydrogen  of  the  water  take  in  their  full  complement 
of  their  inherent  positive  fluid,  while  the  oxygen  from  both 
unites  with  the  negative  ;  the  sap  is  thus  elaborated,  and  fitted 
for  the  process  of  vegetation.  This  is  nothing  more  than  what 
is  exemplified  in  the  galvanic  apparatus.  When  the  wires  are 
placed  in  diluted  acids,  both  the  acids  and  the  water  are  de- 
composed, oxygen  gas  is  dispersed  from  the  positive  wire, 
and  the  hydrogen,  &c.  from  the  other.  Hence  the  rays  of  the 
sun,  and  even  the  air  itself  being  positive,  charge  the  top  or 
leaves  of  the  plant,  and  by  the  peculiar  decomposing  energy  of 
the  electric  fluids,  (the  bottom  of  the  plant  being  negative  from 
the  earth  by  induction,)  the  superabundant  oxygen  is  dispersed 
to  renovate  the  vital  principle  of  the  atmosphere;  while  the  remain- 
der combines  with  the  carbon  and  hydrogen  to  form  the  peculiar 
vegetable  substances,  which  are  now  deposited  by  the  cfaann^ 
of  the  cortical  layers,  as  already  stated,  in  the  parenchyma, 
according  to  the  inscrutable  laws  of  vegetable  life. 

Plants  that  are  exposed  to  the  solar  rays,  are  found  to  give 
out  both  carbonic  acid  and  water  by  night.  The  fluids  arising 
from  the  roots,  being  put  in  motion  while  the  sun  shines,  do 
not  arrive  at  the  leaves  before  there  is  no  positive  fluid  for  the 
decomposition;  and  therefore  they  are  poured  out  undecomposed, 
thus  contaminating  the  air  which  they  had  previously  cleansed. 
Also  plants  that  are  made  to  grow  in  the  dark  are  colourless; 
and  when  burnt,  give  out  no  flame; — they  contain  an  excess  of 
aqueous  matter,  but  no  oily  or  resinous  substances.  Also  plants 
growing  in  air,  that  contains  hydrogen  gas,  attain  a  brighter 
green  than  under  ordinary  circumstances ;  and  if  growing  in 
the  dark,  where  this  gas  is  present,  they  are  said  to  assume 
somewhat  of  a  greenish  colour.  From  this  it  appears,  that 
plants  can  only  in  part  by  their  own  power  decompose  water 
and  carbonic  acid,  especially  the  former;  and  that  the  rays  of 
the  sun  or  positive  electricity  are  absolutely  necessary  to  enable 
them  to  efiect  a  perfect  decomposition : — ^for  though  carbon  and 
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hydrogen  are  in  the  saccharine  matter  of  these  plants,  yet  they 
are  so  oxided  as  to  become  almost  incombustible.  Hence  it 
seems,  that  light  becomes  a  component  part  of  all  plants,  and  it 
is  ascertained  that  different  rajs  perform  diff*erent  offices.  The 
rays  at  the  red  side  of  the  spectrum  are  prodactive  of  inflamma- 
bility in  the  various  substances ;  combining  with  the  elemen- 
tary particles,  or  supplying  them  with  their  peculiar  charge  of 
the  inherent  positive  fluid,  and  dispersing  the  oxygen  gas; 
while  those  at  the  violet  side  produce  the  green  colour,  by 
causing  a  combination  or  retention  of  oxygen  on  the  surface  of 
the  plant,  and  thus  occasioning  nearly  an  equal  quantity  of  both 
positive  and  negative  rays  to  be  reflected.  If  two  plants  there- 
fore be  made  to  grow,  one  at  each  side  of  the  spectrum ;  that 
near  the  red,  will  contain  combustible  substances  but  little 
colour;  and  the  one  near  the  indigo,  wiU  have  colour  but  no 
combustibility.     See  Theory  of  Light  and  Heat. 

So  great  is  the  appetency  of  plants  for  light,  that  if  growing 
in  a  darkened  room  with  light  admitted  only  by  the  key  hole  of 
the  door,  they  will,  if  sufficiently  near,  insinuate  their  heads 
through  the  hole.     This  is  the  most  remarkable  in  potatoes. 
When  the  remains  of  a  winter  store  are  permitted  to  continue 
in  the  farthest  corner  of  a  dark  cellar,  they  will,  in  the  latter 
end  of  spring,  have,  with  their  long  tendrils,  made  the  half  cir- 
cuit of  their  prison,   and  have   protruded   their  pale  heads 
through  every  chink  of  the  door  that  admits  a  few  particles  of 
light.     And  so  great  is  the  natural  attraction  between  the  sun 
and  plants,  that  all  of  them  turn  their  laces  towards  him,  or 
rather  the  upper  side  of  the  leaf  or  flower  is  turned  in  this 
direction,  which  imprints  on  the  whole  the  appearance  of  a  back 
and  front.     The  sun  flower,  and  certain  others,  called  Helio- 
tropes, follow  the  course  of  the  sun;  so  that  in  the  morning  the 
open  part  of  the  flower  looks  eastward;  at  noon,  southward; 
and  in  the  evening,  westward.    They  have  hence  been  named 
the  poor  man's  diaL     Besides,  most  flowers  either  contract  or 
entirely  close  their  petals  by  night,  or  when  the  sun  does  not 
shine  upon  them.    From  some,  especially  the  nasturtium  and 
the  English  marigold,  faint  flashes  of  light  may  be  frequently 
seen  emitted  in  the  twilight  of  the  evening  after  a  hot  summer's 
day;  thus  parting  with  some  of  their  imbibed  positive  eleotri- 
city,  to  the  rising  negative  fluid  of  the  earth. 
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8.   YEOBTABLB  HEAT. 


Experiments  prove  that  trees,  nearly  all  the  summer,  hxre 
a  mean  temperature  of  about  60  degrees,  and  no  more,  even 
when  that  of  the  atmosphere  is  between  70  and  90  ;  and  in 
winter,  though  ever  so  much  exposed  to  the  cold,  their  tempera- 
ture is  seldom  lower  than  40,  even  when  that  of  the  air  is  con- 
siderably below  freezing  point  Wherever  the  vital  principle 
is  present,  it  has  the  power  of  resisting  congelation;  and  in 
vegetables  this  power  seems  to  depend  a  good  deal  on  the  oilv, 
mucilaginous  nature  of  their  substances,  and  their  being  divested 
of  the  aqueous  particles.  For  at  the  close  of  summer,  the  sap 
ceases  to  rise ;  and  what  is  in  the  vessels  is  completely  elabo- 
rated during  the  autumn  ;  so  that,  in  winter,  they  coatain  little 
or  no  water  in  their  composition.  In  this  wo  detect  a  wise 
provision  in  Nature ;  for  as  the  rising  sap  necessarily  contains 
a  great  deal  of  water,  which  besides  serving  as  a  vehicle  for  the 
other  ingredients,  is  itself  a  pabulum ;  and  not  being  decom- 
posed till  it  comes  to  the  leaves, — were  it  not  for  this  cessation, 
the  intense  frosts  of  winter  would  make  dreadful  havoc  among 
trees.  For  exhausted  as  they  are,  and  great  as  the  vital  energy 
may  be,  it  is  not  on  all  occasions  able  to  resist  the  expansive 
force  of  the  congealing  power.  In  cold  climates,  and  even  in 
the  north  of  France,  the  trunks  of  trees  are  frequently  rent 
during  intense  frosts ;  and,  in  severe  winters,  instances  are  not 
wanting  in  our  own  country. 

That  plants  should  have  a  temperature  greater  than  the 
medium  in  which  they  exist,  must  be  wholly  ascribed  to  the 
vital  principle.  But  that  their  temperature  should  not  be  above 
60,  when  the  air  is  80,  depends  perhaps  on  their  peculiar  eco- 
nomy. The  vegetating  process  is  such  as  must  necessarily  pro- 
duce cold.  For  by  its  operation  the  electric  fluids  are  made  to 
re-enter  their  respective  vehicles ;  when,  of  course,  they  be- 
come latent  or  do  not  produce  heat.  Water  and  carbonic  add 
are  decomposed;  the  superabundant  oxygen  is  sent  off  with  its 
full  charge  of  the  negative  electric  fluid;  and  the  carbon  and 
hydrogen  are  elaborated  into  the  vegetable  substance  with 
nearly  the  full  charge  of  the  positive  fluid: — hence  their  inflaa* 
mabiUty.  Now  in  this  process  it  is  evident,  that  as  much  of 
the  electric  fluids  have  been  gathered  from  some  sonroe,  as  is 
equal  to  the  quantity  of  caloric,  which  would  be  prodooed  by 
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the  combustion  of  that  vegetable  substance,  or  by  its  re-combi- 
nation with  the  liberated  oxygen  gas.  It  is  plain,  therefore, 
that  during  the  process  of  vegetation,  either  an  equal  quantity 
of  caloric  is  decomposed,  or,  that  plants  gather  these  charges 
from  the  uncombined  fluids  of  the  earth  and  atmosphere;  and 
that,  in  either  case,  the  vegetating  process  must  be  productive 
of  cold. 

Hence  we  see  that  the  oflice  of  the  vegetable  kingdom,  in  the 
Economy  of  Nature,  is  to  renovate  the  vital  principle  of  the 
atmospheric  air ;  which  is  done  by  liberating  the  earth's  elec- 
tricity, producing  a  kind  of  resurrection  in  the  effete  or  dead 
oxygen.  We  are  at  a  loss  which  to  admire  the  most,  the 
ingenuity  of  the  contrivance  or  the  l>enevolence  of  the  design. 
But  indeed,  every  step  we  advance  towards  the  secret  sources 
of  Nature,  is  but  immerging  so  much  the  deeper  into  the  Light 
which  emblazon's  this  Truth,  viz.  "  That  a  Godhead  reigns, 
and  that  His  most  distinguishing  attribute  is  Love.'* 

4c 
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CHAP.  XIX. 


Mechanism  of  the  Human  Frame. 

1.  AmMATED  NaTURB.      2.  ANIMAL   SUBSTANCES.      3.  BONBS.      4.  MUWCIMM- 

6,  Blood  Vessels.  6.  Lungs.  7.  Organs  for  Assimilating  the  Foeoi 
8.  Absorbent,  or  Lymphatic  System.  9.  Glands.  10.  Internal  Paets 
OF  the  Body  and  their  Disposition.  11.  External  Faiwdig  anb 
Covering*    12.  Brain  and  Neeves. 


1.   ANIMATED  NATURE. 

We  come  now  to  those  bodies  wherein  Nature  seems  to  hare 
pat  forth  all  her  skill  in  the  work  of  organization.  Vegetable 
are  a  kind  of  half  animated  beings,  forming  the  link  between 
unorganized  matter  and  the  animal  kingdom.  For  some  of 
the  fnngi  and  lichens  are  so  little  removed  from  mineral  sob- 
stances,  as  to  be  hardly  worthy  of  being  classed  among  orga- 
nized bodies.  On  the  contrary,  other  vegetables  are  so  perfectly 
formed,  that'they  seem  endowed  with  a  sensibility  equal  to  some 
animals.  Sach  is  the  plant  called  Venns'  Mouse-trap»  which 
if  an  insect  comes  into,  it  closes,  stings  it  to  death,  and  feeds 
upon  it.  If  they  want  locomotion,  there  are  some  classes  of 
animals,  not  much  better  provided  for  in  this  respect,  as  certain 
shell  fish,  among  which  is  the  oyster. 

Bat  the  zoophite  called  the  polype  is  considered  as  the  con- 
nective link  between  the  animal  and  vegetable  kingdoms.  This 
vegeto-aqaatic  animal,  may  be  propagated  by  slips  and  cuttings. 
For  in  how  many  parts  soever  one  is  cut,  each  section  becomes 
a  perfect  polype.    If  one  have  a  nnmber  of  slits  made  in  it,  each 
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division  becomes  a  head, — all  of  which  feed,  though  they  have 
but  one  body.  If  scTen  slits  be  made  we  have  a  true  Hydra  ;  if 
each  of  these  be  slit  again,  we  have  fourteen  heads  to  one  body. 
Should  each  of  these  be  cut  off,  new  ones  spring  up  in  their 
places;  and  the  severed  heads  will  each  become  a  polype* 
Should  one  be  turned  inside  out,  it  will  in  a  few  days  become 
as  perfect  as  before.  If  the  head  of  one  be  placed  on  the  body 
of  another, — they  form  one  polype  which  lives  and  feeds  as  well 
aa  any  other.  If  two  be  closely  compressed,  they  become  one : 
or  if  the  one  be  thrust  down  the  throat  of  another,  so  that  their 
heads  come  in  contact,  they  will  equally  unite.  A  polype  can 
swallow  a  worm  larger  in  bulk  than  itself. 

But  as  animals  were  designed  to  move  from  place  to  placoi 
and  the  roots  by  which  they  receive  nourishment  are  no  less 
numerous  than  those  by  which  vegetables  are  supplied  with 
aliment;  it  is  necessary  that  the  medium  from  which  they  gaither 
nourishment  should  be  carried  about  with  them.  Therefore 
they  are  provided  with  a  bag  called  the  stomach,  wherein  is 
placed  this  source  of  support,  or  food,  which,  having  undergone 
certain  preparatory  processes,  is  gradually  submitted  to  the 
roots.  Besides  the  office  already  mentioned,  which  vegetables 
discharge  in  the  great  economy  of  Nature,  they  seem  to  have 
been  originally  designed  for  the  food  of  animals ;  since  without 
their  aid,  the  elementary  substances  which  constitute  the  animal 
frame  could  hardly  have  entered  the  system,  without  this  travel- 
ling bag,  being  always  encumbered  with  a  ponderous  load  of 
earthy  materials.  Whereas  by  the  vegetable  economy,  these 
substances  are  separated ;  and  only  such  enter  the  stomach  as 
are  capable  of  being  converted  into  the  animal  substance; — hence 
Tegetables  may  be  considered  as  the  connective  link  between 
the  animal  and  mineral  kingdoms. 

The  chain  of  animated  Nature  from  those  inconceivably  small 
animals,  mentioned  at  page  205,  to  the  ponderous  mass  of  the 
whale,  the  unweildy  bulk  of  the  sagacious  elephant,  or  the 
union  of  a  more  perfect  organization  with  Mind  in  the  composi- 
tion of  Man,  consists  of  so  many  links,  and  these  of  such  variety 
of  form,  that  it  would  be  useless  in  our  prescribed  limits  to 
attempt  to  offer  remarks  upon  them ;  but  as  we  conceive  the 
jprocess  by  which  matter  is  elaborated  by  life  to  be  nearly  the 
same  in  principle,  in  all  cases,  though  the  most  perfectly  known 
in  man,  we  shall  content  ourselves  by  endeavouring  to  render 
this  process  intelligible. 

4c  2 
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2.    ANIMAL  SUBSTANCES. 


The  elements  which  principally  enter  into  the  compositioB 
of  animal  substances,  are  carbon,  hydrogen,  nitrogen  and  oxy- 
gen. Nitrogen  is  considered  as  the  peculiar  element  of  animali- 
zation,  or  that  which  is  used  for  converting  vegetable  into 
animal  substances.  But  vegetables  contain  very  little  nitrogen^ 
and  some  none  at  all.  An  animal  inspires  it  along  with  tke 
draught  of  vital  air,  but  is  found  to  respire  the  whole  without 
the  least  deduction ;  yet  its  flesh,  though  it  feeds  on  herbs  con- 
taining none  of  this  element,  is  nevertheless  found  to  contain 
a  great  deal.  This  curious  fact  is  admitted  as  an  argument  in 
favour  of  the  compound  nature  of  nitrogen;  and  of  its  being 
formed  by  the  agency  of  animal  life  from  oxygen  and  hydrogen, 
or  from  hydrogen  and  some  unknown  metallic  base. 

The  other  elementary  substances  most  predominant  in  the 
animal  kingdom  are  cdcium  and  phosphorus,  generally  com- 
bined by  the  intervention  of  oxygen,  as  phosphate  of  lime,  of 
which  the  earthy  part  of  bones  is  composed.  Hair  contains 
iron,  but  it  is  not  known  in  what  state,  also  the  oxide  of  man- 
ganese, a  small  quantity  of  carbonate  of  lime,  silica,  and  sul- 
phur; the  colour  depends  on  an  oil,  probably  containing  sulphate 
of  iron,  white  and  red  hair  have  an  excess  of  sulphur,  but  be- 
come black  with  Ihe  oxides  of  the  white  metals.  Nails  are 
coagulated  albumen,  contain  very  little  earth,  are  attached  to 
the  epidermis,  and  come  off  with  it.  Silk,  hoofs,  horns,  and 
beaks,  claws,  and  feathers  of  birds  are  much  of  the  same  com- 
position of  hair  and  nails,  albumen  or  gelatine  forming  the 
chief  of  the  mass.  All  animals  that  have  shells  have  no  bones ; 
the  shells  of  those  called  testaceous  consist  of  carbonate  of  lime; 
but  the  crustaceous  contain  also  phosphate  of  lime.  Mother  of 
Pearl  and  Pearl  contain  66  carbonate  of  lime,  and  34  of  mem- 
braneous substance.  Wbite  coral  50  carbonate  of  lime,  and  50 
animal  matter.  The  proportions  in  the  Red  Coral  are  5a^,  and 
46|^.  Eggshells  consist  of  carbonate  of  lime  89*6,  phosphate  of 
lime  5*7,  gluten  and  moisture  4*7. 

What  are  more  peculiarly  called  animal  substances,  are  gel- 
atine, albumen,  and  fi brine.  That  these  substances  are  so  few, 
is  perhaps  owing  to  the  delicate  texture  of  the  animal  arrange- 
ment, which  cannot  be  examined  before  the  vital  principle  is 
fled,  so  that  partial  decomposition  is  somewhat  advanced  before 
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the  flabject  can  be  submitted  to  analysis.  However  this  may 
be,  the  basis  of  the  skin,  nerves,  membranes,  muscles,  and  car- 
tilages; also  of  the  fluids,  as  blood,  chyle,  milk,  mucus,  the 
gastric  and  pancreatic  juices  &c.  consist  of  these  substances. 

Gelatine,  jelly,  or  in  a  less  pure  state,  glue,  is  the  chief  sub- 
stance in  the  skin,  sinews,  and  membraneous  parts  of  animals. 
It  is  obtained  from  them  by  means  of  boiling  water.  But 
besides  these,  it  may  be  extracted  from  the  bones,  hoofs,  and 
horns  of  animals.  A  very  pure  kind,  called  Isinglass,  is  pro- 
cured irom  a  certain  fish.  But  that  obtained  from  the  horns  of 
the  hart  is  the  most  esteemed ;  and  is  generally,  on  account  of 
its  being  easy  of  digestion,  and  Very  nutritious,  recommended 
for  invalids.  The  horns  are  reduced  to  shavings,  whence  by 
means  of  boiling  water,  the  jelly  is  more  easily  extracted.  A 
very  great  deal  of  this  substance  is  contained  in  bones  and 
cartilages,  and  thus  a  large  quantity  of  very  nutritious  food  is 
frequently  thrown  away.  Papin's  digester,  a  kind  of  pan  made 
very  strong  and  steam-tight,  is  sometimes  used  for  dissolving  it. 
The  bones,  with  some  water,  are  submitted  to  a  temperature 
above  boiling  water,  which  reduces  I  hem  to  a  pulp.  But  the 
fuel  required  is  frequently  of  more  value  than  the  jelly  obtained. 
Muriatic  acid  will  detach  the  lime,  and  leave  the  gelatine  in 
the  shape  of  the  bone,  the  acid  may  be  washed  out  with  cold 
water.  Jelly  is  purified  with  the  white  of  eggs,  which  com- 
bining with  the  impurities,  and  being  coagulable  by  heat,  rises 
to  the  surface,  leaving  the  transparent  jelly  beneath.  The 
composition  of  this  substance  is  as  follows: — carbon  67*881, 
hydrogen  7*914,  nitrogen  16*098,  oxygen  27*207. 

Albumen  is  composed  of  carbon  52*883,  hydrogen  7*540, 
nitrogen  15*705,  oxygen  23*872.  It  is  a  constituent  part  of 
most  animal  substances,  but  is  sometimes  isolated  in  different 
parts  of  the  system.  The  white  of  eggs  is  almost  entirely  albu- 
men. The  substances  which  compose  the  nerves,  the  serum  of 
the  blood,  and  the  white  part  or  curds  of  milk,  are  principally 
albumen.  A  temperature  of  165  degrees,  a  little  sulphuric  acid 
or  alcohol,  is  capable  of  coagulating  this  substance;  and  when 
once  solidified,  it  cannot  by  any  means  be  reduced  to  its  former 
state.  In  making  cheese,  the  albumen  is  coagulated  by  rennet, 
which  is  a  prepared  calf's  stomach.  A  small  piece  is  steeped  in 
water,  and  then  a  little  of  the  fluid  is  put  into  the  milk,  which 
has  a  temperature  of  50  or  60  degrees.    Rennet  is  supposed  to 
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owe  this  property  to  the  presence  of  gastrio  joice  remaining  in 
the  coats  of  the  stomach. 

Fibrine  is  the  principal  substance  in  mnscles,  or  what  is 
called  the  lean  flesh  of  animals.  When  the  mnsdes  are  eleaaned 
from  the  red  particles,  which  giye  them  their  colour,  they  oon- 
aist  of  a  complete  tissue  of  something  having  the  appearance  of 
fine  white  threads,  fastened  together  and  softenecl  by  gelatine. 
From  their  appearance  they  are  called  Fibrine,  This  substance 
is  also  found  in  the  blood  along  with  albumen  and  colouring 
matter.  It  is  insoluble  in  water  and  alooho!,  but  is  diaaolyod 
by  sulphuric  acid,  and  converted  into  a  gelatinous  substuioe : — 
it  is  composed  of  carbon  53*36,  hydrogen  7*021,  nitrogen  10-034» 
oxygen  19*685. 

Animal  OUm  consist  of  carbon  and  hydrogen,  with  a  awHiH 
portion  of  nitrogen  and  oxygen— or  gelatine.  Tallow  and  all 
the  fat  of  animals,  as  well  as  butter,  ape  oils ; — but  the  kst  con- 
tains a  considerable  portion  of  oxygen. 

The  Animal* A cidt  are  all  formed  by  (he  decomposition  of 
other  substances,  or  are  found  in  the  secretions.  They  consiM 
of  a  triple  base,  viz.  carbon,  hydrogen,  and  oxygen ;  except 
lactic  acid,  which  has  only  a  double  base  and  has  alroMly  been 
mentioned, 

Laccic  acid  is  procured  from  a  substance  called  white  JLme* 
It  is  a  reddish  fluid,  rather  bitter,  and  salt  to  the  taste,  hnt  not 
sour.  It  forms  small  needle-shaped  crystals ;  and  being  dis* 
solved  in  lime  water,  it  assumes  a  green  colour.  Ltte  is  aome- 
what  similar  in  ito  formation  to  bees-wax,  being  coUectad  firom 
flowers  by  an  insect  in  the  East  Indies,  for  the  purpose  of  pro* 
tecting  its  eggs.  It  is  principally  employed  in  making  sealing- 
wax  and  varnish. 

Pruuic  acid  contains  no  oxygen,  but  is  classed  among  the 
acids  on  account  of  its  readily  uniting  with  the  alludies.  It  is 
obtained  from  several  substances,  but  especially  blood,  by  heat^ 
ing  it  with  caustic  potas ;  a  prussiate  of  potas  is  thus  formed, 
from  which  the  acid  is  afterwards  precipitated.  But  this  acid 
has  lately  been  discovered  in  many  parts  of  the  vegetable  king- 
dom ;  as  in  the  leaves  of  the  bay,  or  laurel,  in  the  kernel  of  the 
bitter  almond,  as  well  as  in  the  kernel  of  many  stone  fruits; 
and  though  a  deadly  poison,  is  highly  valued  in  cookery.  It  is 
colourless  like  water,  and  does  not  affect  vegetable  blues ;  yet 
combined  with  the  red  oxide  of  iron,  it  forms  the  well  known 
colour  called  Prussian  blue. 
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Stbaeie  add  is  prooared  from  animal  oils,  in  all  which  it  is 
plentifallj  formed  by  mere  exposure  to  the  air.  It  is  liquid,  of 
«n  acrid,  sharp,  bitterish  taste;  but  may  be  crystallized  in 
needle  formed  crystals.  It  combines  with  the  metallic  oxides, 
and  mixed  with  nitric  acid,  dissolves  gold. 

Urie  or  LUhic  acid  is  found  in  human  urine;  also  in  human 
calculi,  some  of  which  are  composed  almost  entirely  of  it;  and 
likewise  in  the  concretions  called  chalkstones  formed  on  the 
joints  of  gouty  persons.  These  concretions  are  for  the  most 
part  uric  acid  and  soda.  Like  the  other  animal  acids,  it  is  com- 
posed of  carbon,  hydrogen,  nitrogen,  and  oxygen,  but  it  is 
destitute  of  taste  or  smell.  It  may  be  crystallized  in  small  red 
crystals  with  brilliant  facets;  turns  vegetable  blues  to  red;  and 
when  dissolved  in  nitric  acid,  stains  the  skin  a  pink  colour. 

MUk  consists  of  gelatine,  albumen,  oil  and  water:  and  in 
common  processes  is  separated  into  cream,  curds  and  whey. 
The  cream  is  chiefly  animal  oil;  the  curds,  albumen;  and  the 
whey,  water  and  gelatine.  Milk  also  contains  phosphate  of 
lime. 

Blood  contains  fibrine,  albumen,  gelatine,  hydro-sulphate  of 
•mmonia,  soda,  sub*phosphate  of  iron,  muriate  of  soda,  phos* 
phate  of  soda  and  phosphate  of  lime,  benzoic  acid,  with  a  con* 
aiderable  quantity  of  water;  and,  according  to  Sir  £.  HomCf 
two  cubic  inches  of  carbonic  acid  gas  to  eaoh  ounce  of  blood. 
The  colouring  matter  of  blood,  when  reduced  to  ashes,  oonsists 
of  oxide  of  iron  5(),  sub*phosphate  of  iron  7*6,  phosphate  of  limo 
with  magnesia  6,  lime  20,  oarbonio  acid  and  loss  16*5.  The 
Mood  of  the  ox  differs  from  human  blood  in  containing  less 
saline  matter,  and  more  nitrogen.  When  blood  is  permitted  to 
stand,  it  separates ; — the  colouring  part  or  crassamentum  sepa- 
rating from  the  serum ;  the  proportions  of  these  vary  in  different 
animals  ;-^the  blood  of  predatory  animals,  as  of  the  dog,  con- 
tains Uie  most  crassamentum ;  then  that  of  man ;  while  it  is  the 
least  in  the  timid  sheep  and  other  imbecile  animals. 

Having  given  this  short  account  of  the  principal  animid  sub- 
stances, before  it  cim  be  shewn  how  animalization  is  carried 
on,  H  wfll  be  necessary  to  desoribe  the  whole  snperstruetare. 
And  as  a  knowledge  of  the  human  frame  is  what  the  most 
concerns  us,  we  «hall  eonfine  ourselves  to  it,  mdung  a  remark 
Where  there  is  any  thing  very  stvikiBg  in  any  other  animaL 
The  principal  par ts  of  the  human  body^  ore,  the  brain  and 
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nenres,  the  langs  and  blood-vessels,  the  stomach  and  organs  for 
assimilating  the  food,  with  the  nutrients;  the  absorbents  and 
glands  for  cleansing  the  system,  and  the  bones  for  the  prop- 
work  of  the  whole,  with  the  mosoles  and  sinews  that  more 
them. 

3.   BONBS. 

The  bones  are  the  most  solid  part  of  the  frame,  and  in  a 
great  measure  determine  the  shape  and  dimensions.  They  are 
composed  of  gelatine  and  phosphate  of  lime.  This  salt  consists 
of  48j^  lime,  and  51  j^  phosphoric  acid;  which  acid  is  G<Mnpo8ed 
of  46j^  phosphoras,  and  6S|  oxygen;  and  the  earth  of  30  cal- 
cium, and  7  J  oxygen  :-~so  that  100  parts  bone,  without  gelatine, 
will  consist  of  90^  of  calcium,  24  phosphorus,  and  46}  oxygen. 

While  the  animal  is  in  the  foetal  state,  the  incipient  bones 
are  merely  k  gelatinous  membrane  of  a  loose,  spongy  textore, 
in  the  cavities  of  which  the  phosphate  of  lime  is  gradually 
deposited.  Milk  contains  the  most  of  this  salt  near  the  time  of 
parturition;  and  as  the  child's  digestive  organs  are  formed, 
it  gradually  diminishes  in  quantity;  yet  does  not  entirely  cease 
till  the  bones  are,  not  only  well  set,  but  also  the  teeth  are  pro- 
truded from  each  jaw,  which  are  phosphate  of  lime  enamelled 
with  a  flaate  of  the  same  earth.  The  disease  in  children,  called 
RickeiM,  proceeds  from  a  want  of  phosphate  of  lime  in  their 
bones;  which  are  consequently  not  sufficiently  strong  to  support 
the  fleshy  parts  of  the  body.  Hence  the  necevity  of  mothers 
suckling  their  own  children ;  or,  at  least,  of  procuring  a  nurse 
who  bore  a  child  nearly  at  the  same  time  with  herself.  For  the 
formation  of  bones  after  this  period,  it  is  obtained  from  bread 
and  other  farinaceous  substances ;  but  especiaUy  from  that  of 
wheat  flour,  which  contains  more  of  this  salt  than  any  other 
vegetable  substance.  In  manhood,  when  the  bones  have  attained 
their  full  growth  and  strength,  the  phosphate  oi  lime  is  no  Icm- 
ger  assimilated. 

As  neither  the  white,  nor  the  yolk  of  eggs  contains  phosphate 
of  lime,  it  was  necessary  that  it  should  be  placed  somewhere  about 
the  egg,  in  order  that  the  bones  of  the  young  bird  might  be  formed. 
It  is  therefore  found  in  the  sheU ;  and  being  therein  deposited, 
another  useful  purpose  is  answered,  no  less  worthy  the  wisdom 
of  the  great  Contriver.    While  the  bones  are  forming,  die 
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shell  is  gradually  weakened,  so  that  in  due  time  the  young 
animal  has  power  to  break  it,  and  thus  liberate  itself.  Fowls 
that  are  kept  where  they  cannot  procare  calcareous  matter,  are 
said  to  lay  their  eggs  without  shells. 

The  gelatine  found  in  bones  is  partly  dispersed  throu^out 
the  mass,  but  is  principally  employed  in  forming  the  cartHage, 
or  the  smooth,  elastic,  bluish  substance  at  the  joints.  The  ends 
of  the  bones,  being  overlaid  with  this,  are  by  its  smoothness  and 
elasticity,  and  its  being  lubricated  with  a  peculiar  liquor  secristiBd 
for  that  purpose  by  the  glands,  made  to  move  in  the  joints  and 
sockets,  not  only  without  friction,  but  with  the  greatest  facility. 
However,  were  these  bones  not  fastened  together  at  the  joints, 
the  structure  would  still  want  support;  consequently,  each 
joint  is  tightly  bound  round  on  all  sides,  with  a  thin,  but  very 
strong,  elastic  membraneous  substance,  called  ligameni.  So 
that  the  joints,  though  necessarily  thick,  and,  were  it  not  for  a 
judicious  disposition  of  the  muscles,  would  appear  somewhat 
clumsy,  are  as  strong  as  any  other  part  of  the  limb.  The  num- 
ber of  bones  found  in  the  human  body  is  248;  and  they  are  so 
contrived,  formed,  and  fashioned,  both  for  strength,  and  with 
hinges,  pivots,  loop  holes,  grooves,  protecting  angles,  and  facets, 
to  suit  all  contrivances,  that  volumes  might  be  written  on  this 
subject  alone. 

4.   MUSCLES. 

The  muscles  are  the  organs  that  produce  motion.  They  are 
bundles  of  fibres  possessing  the  power  of  contraction  and  dila- 
tion ;  and  are  composed  of  fibrine  fastened  together  by  gelatine; 
and  each  bunch  terminates  in  a  cord  of  gelatine,  called  the 
sinew  or  tendon.  A  muscle  is  divided  into  three  parts,  the 
head,  belly,  and  the  tail.  The  head  is  firmly  attached  to  'he 
bone,  in,  or  towards,  the  trunk  of  the  body: — the  place  of 
attachment  is  called  the  origin ;  the  belly  is  the  place  of  con- 
traction, and  therefore  merely  adheres  to  the  contiguous  softer 
and  pliant  parts ;  the  tail  or  sinew  extends  to  that  bone  which 
is  to  be  moved,  and  to  which  it  is  firmly  attached  at  the  place 
called  the  insertion.  The  fibres  are  variously  arranged,  accord- 
ing to  the  direction  in  which  the  pull  is  required.  The  joint 
or  the  head  acts  as  the  prop,  the  bone  moved  as  the  lever,  and  the 
contraction  of  the  muscle  is  the  power.  The  muscles,  which 
mostly  terminate  in  extended  sinews,  are  those  which  move  t|ie 
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limbs,  or  extend  to  the  extremities  of  the  body*  For,  by 
having  a  cord  attached  to  them,  the  muscle  may  be  placed  at  a 
considerable  distance  from  the  limb  to  be  mo?ed,  and  thus  a 
great  inconvenience  is  obviated.  For  instance,  if  the  masdes 
that  are  to  move  the  hands  or  feet  were  placed  io  the  palm  of 
the  hand  or  sole  of  the  foot,  not  to  mention  the  clamsy  appear- 
ance which  they  wonld  give,  they  would  counteract  themselTea, 
or  be  in  each  others  way ;  they  are  therefore  placed  at  the 
swell  of  the  arm  or  in  the  calf  of  the  leg,  and  sinews  lead  from 
them  to  the  hands  and  feet.  And  that  these  sinews  might  not 
start  up,  stretch  the  skin  or  make  the  limb  appear  unseemly^ 
they  either  wind  round  the  bone,  or  are  tightly  strapped  dowB 
b}'  strong  ligaments,  at  the  wrist  of  the  hand,  or  at  the  bend  and 
top  of  the  foot. 

However  it  should  be  observed,  that  the  power  of  the  moscle 
rests  alone  in  contraction,  for  the  dilation  proceeds  from  a  mere 
cessation  of  exertion.  But  to  remedy  this,  muscles  are  always 
placed  in  pairs,  one  to  counteract  the  other;  so  that  if  the  limb 
is  bent  by  the  contraction  of  one,  it  is  made  straight  by  alike 
contraction  of  another.  Every  movement  in  the  human  body, 
therefore,  depends  on  the  contraction  of  some  muscle;  and 
when  we  consider  the  variety  of  motion  which  we  are  capable 
of  producing,  we  cannot  but  wonder  where  all  these  muscles  are 
placed;  and  how  they  are  disposed,  so  as  not  to  interfere  with 
each  other.  For  the  contraction  of  a  muscle  is  towards  its 
centre,  where  it  gathers,  as  it  were,  into  around  ball; — two, 
therefore,  placed  near  each  other,  may  have  room  enough  while 
at  rest,  or  while  one  only  is  contracted;  but  there  may  not  be 
room  for  both  to  contract  at  the  same  time.  Yet  none  of  the 
muscles  of  the  human  body,  and  there  are  no  fewer  than  446 
well  described  with  appropriate  names,  are  found  to  interfere 
with  each  other,  except  in  one  solitary  instance; — when  we 
gape,  we  cannot  swallow ;  which  is  said  to  proceed  from  the 
muscles  necessary  to  produce  each  action  being  placed  so  near 
together,  that  both  classes  have  not  room  to  contract  at  the 
same  time.  Yet  no  doubt  this  was  contrived  to  answer  some 
nseful  end  which  is  not  yet  discovered. 

These  short  hints  may  impart  some  idea  of  the  muscles,  but 
to  give  a  full  description  of  the  manner  in  which  they  are 
placed,  for  the  purpose  of  producing  all  the  pulls  that  are 
wanted  in  every  direction,  would  be  an  endless  task.  It  is 
worthy  of  remark,  that  what  we  call  beauty  in  tfie  hmnan  form 
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principally  depends  upon  the  muscles.  Their  disposition  in 
the  calf  of  the  leg,  the  thigh,  the  arm,  and  in  all  other  parts  of 
the  body,  level  the  bones  and  hide  the'swell  of  the  joints,  giving 
at  the  same  time  roandness  and  plumpness  to  the  person.  But* 
the  bundling  up  of  the  Gbres  differs  in  every  person.  In  one 
man  they  are  compact,  firm,  and  neatly  disposed;  while  in 
another,  they  are  more  dilated,  and  as  it  were  worse  tied  up, 
evidently  performing  their  office  in  a  more  sluggish  manner. 
Bodily  strength  also  depends  upon  the  balk,  as  well  as  upon 
the  contractive  power  of  the  muscles :  for  no  limb  can  be  moved 
with  greater  speed  or  force  than  the  corresponding  muscles  are 
capable  of  producing.  Hence,  too  much  fat  must  clog  and 
encumber  the  play  of  the  muscles ;  or,  their  want  of  due  sus- 
tenance occasioned  by  bad  diet,  bad  air,  or  any  thing  that  pre- 
vents a  due  support  of  the  fibres,  or  diminishes  the  necessary 
gelatine  and  emaciates  the  body,  must  diminish  their  bulk  and 
contracting  power,  and  consequently  impair  the  bodily  strength. 

5.   BLOOD  VESSELS.      . 

The  Tcssels  which  contain  the  blood  are  the  most  important 
in  the4)ody,  because  in  them  is  conveyed  the  materials  to  all 
parts  of  the  superstructure  for  its  formation  and  support  They 
are  divided  into  two  sets,  arteries  and  veins.  The  blood  is  pro- 
pelled along  the  arteries  to  the  extremities  of  the  body  by  the 
impulse  given  it  by  the  heart ;  and  returned  back  again  along 
the  veins  by  their  own  muscular  exertion. 

The  heart  seems  placed  as  near  the  centre  of  the  system  as 
possible.  It  is  a  kind  of  hollow  muscle,  consisting  of  two  layers 
of  fibres,  that  have  a  spiral  form.  One  layer  winding  the  con- 
trary way  to  the  other,  the  fibres  cross  and  intersect;  so  that 
this  muscular  bag  can  contract  its  sides  by  one  layer  of  fibresi 
and  force  out  the  blood  along  the  arteries  like  a  syringe ,  and 
by  the  other  layer,  can  dilate  them,  and  receive  into  the  hollow 
a  fresh  supply  from  the  veins.  It  has  four  cavities;  two  of 
them  are  called  vetUricles,  which  are  furnished  with  valves 
between  them  and  the  arteries;  and  the  remaining  two,  called 
awricleif  are  furnished  with  valves  between  them  and  the  ven- 
tricles. From  the  left  ventricle,  the  blood  is  propelled  into  the 
aorta;  which  is  a  large  vessel  that  soon  branches  off  into  several  . 
others,  all  passing  in  the  most  direct  manner  to  the  extremities 
of  the  body;  and  where  they  necessarily  diverge  from  a  straight 
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line,  it  is  at  angles  and  not  in  curves.  After  throwing  off  a 
mnltitode  of  small  yessels,  all  tapering  like  the  branches  of  a 
tree,  they  lose  themselves  in  the  flesh,  having  degenerated  into 
myriads  of  invisibly  small  vessels,  called  nutrients.  The  blood 
being  thus  dispersed  among  the  fibres,  is  taken  np  by  the  veins. 
Bat  their  commencement  is  such,  that  with  a  microscope  it  can- 
not be  distinguished  from  the  nutrients.  And  so  evenly  are 
both  sets  disposed,  that  we  cannot  prick  the  flesh  anywhere 
with  a  pin  without  severing  a  considerable  number  of  then. 
Hence  the  blood  in  them  may  be  compared  to  the  aqoeoos 
particles  in  the  atmosphere;  which  first  condense  into  drops  of 
rain  that  fall  upon  the  earth,  and  are  collected  into  dripping 
rills;  these  converge  into  brooks  and  rivulets,  which  afterwards 
swell  into  branches  of  large  rivers  that  finally  unite  and  roll 
their  waves  in  one  channel  into  the  sea.  So  the  blood,  being 
collected  from  thousands  of  tributary  vessels  into  one  large 
trunk,  called  the,  right  auricle,  is  again  poured  into  the  heart, 
after  having  circulated  through  the  whole  body. 

In  this  round,  as  will  be  hereafter  shewn,  it  has  parted  with  its 
supply  of  nourishment  to  the  body;  taken  in  a  load  of  refuse  or 
effete  particles ;  and  just  before  it  entered  the  heart,  received 
the  supply  of  chyle  from  the  food  admitted  by  the  stomach.  It 
must  therefore  be  in  a  state  very  different  from  that  in  which  it 
left  the  heart ;  therefore,  having  entered  the  right  auricle,  it 
passes  within  the  heart  through  the  valve  into  the  right  ventride, 
whence  by  the  muscular  contraction  it  is  driven  to  the  longs; 
and  being  there  elaborated  by  being  every  particle  exposed  to 
the  contact  of  the  atmospheric  air,  it  returns  back  to  the  heart 
by  the  left  auricle ;  and  passing  within  the  heart  through  the 
valve  into  the  left  ventricle,  is  thence  propelled  into  the  arteries, 
as  we  have  shewn ;  and  this  process  or  double  circulation  goes 
on  to  the  end  of  life. 

The  whole  blood  in  the  body  of  a  man  is  from  25  to  SOlbs, 
The  left  ventricle  ejects  about  an  ounce,  or  near  two  taUe 
spoons  fall,  at  a  time;  and  this  quantity  is  driven  out  by  each 
contraction  or  pulsation,  of  which  about  4000  take  place  every 
hour.  From  this,  it  appears,  that  4000  oz.  pass  through  the 
heart,  or  circulate  through  the  whole  body  every  hour,  which 
is  near  14  times  as  much  as  the  whole  body  contains;  con- 
sequently, the  whole  stock  of  blood  must  make  14  complete 
circulations  every  hour,  or  one  circulation  in  about  four 
minutes.    It  is  said  to  be  propelled  along  the  arteries  with 
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a  force  equal  to  that  given  by  a  pressure  of  seven  feet  perpen- 
dicular height  of  water;  but  along  the  veins,  with  only  that  of 
six  inches.  The  velocity  along  the  arteries  is  at  the  rate  of  Sjf 
inches  per  second.  In  large  animals,  the  blood  is  propelled 
with  greater  force.  Dr.  Hunter,  who  dissected  a  whale,  states 
that  the  left  ventricle  was  a  foot  in  diameter;  so  that  no  less 
than  10  or  16  gallons  of  blood  must  be  thrown  out  at  every 
stroke  of  the  heart,  with  an  immense  velocity. 

The  arteries  may  be  distinguished  from  the  veins  by  their  be- 
ing the  seat  of  pulsation.  They  are  also  externally  of  a  red 
colour,  while  the  veins  are  blue ;  and  are  all  hid  within  the 
body,  either  running  along  inside  the  trunk,  or  in  grooves  of 
the  bones,  in  such  a  manner  as  to  protect  them  from  wounds 
and  common  external  pressures,  which  might  stop  the  passage 
of  the  blood.  However  some  of  them  terminate  at  or  very  near 
some  parts  of  the  skin,  as  at  the  cheek,  and  thus  give  floridness 
to  the  complexion.  The  veins,  in  general,  lie  nearer  the  surface 
of  the  body,  and  are  less  guarded.  If  an  artery  be  cut,  the 
blood  spouts  from  it  with  the  pulsation,  or  in  jets ;  but  if  a  veiu, 
it  flows  regularly. 

6.   LUNGS. 

The  lungs  are  the  organs  into  which  the  air  is  drawn  when 
we  breathe,  and  wherein  it  is  brought  in  contact  with  the  blood. 
They  are  spoken  of  in  the  plural  number,  because  there  are  two 
distinct  compartments :  one  lying  on  the  right  side  of  the  chest, 
and  the  other  on  the  left ;  so  that  should  one  be  wounded,  the 
other  remains  entire,  and  can  perform  the  office  alone. 

But  that  we  may  the  better  describe  the  mechanism  of  the 
Inngs,  we  shall  commence  with  the  passage  leading  to  them. 
The  trachea  or  windpipe  connects  the  lungs  with  the  mouth  and 
nostrils.  It  is  composed  of  a  number  of  cartilaginous  ringlets, 
fastened  together  by  ligamentous  fibres;  and  made  so,  that 
nothing  without  great  violence  can  compress  them  and  stop  the 
passage.  Yet  these  ringlets  are  not  complete  circles;  but  each 
wants  that  part  next  the  esophagus,  so  that  the  food  can  descend 
in  that  passage  without  pressing  against  the  unyielding  rings. 
The  top  of  the  windpipe,  called  the  larynx,  is  secured  by  a 
valve  called  the  epiglottis,  over  which  every  morsel  that  we  eat 
passes.  This  valve,  situated  at  the  root  of  the  tongue,  is  full  of 
nerves;  so  that  it  is  no  sooner  touched  by  the  food,  than  it 
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closes  and  completely  secures  the  orifice  till  the  whole  of  the 
food  is  passed  and  clean  swept  ofi*,  when  it  re-opens;  or  should 
we  through  carelessness  open  it  when  crams  are  near,  we  mre 
almost  sure  to  draw  some  in.  When  this  happens,  the  irrita- 
hility  of  the  trachea  is  sach  that  it  seyerely  chastises  oor  neg- 
lect, by  tormenting  us  with  the  most  violent  convulsive  coughing 
till  the  ofiensive  morsel,  which  had  gone  down  the  wrong  way, 
as  we  term  it,  is  brought  back  again.  The  top  of  the  trachea  we 
explained  at  page  160;  and  the  lower  end,  called  the  Bronchea, 
has  two  orifices,  each  connected  with  the  top  of  a  lung. 

The  lungs  fill  almost  the  whole  cavity  of  the  breast  They 
are  broad  at  the  bottom,  and  terminate  at  the  top  like  obtuse 
cones;  but  in  other  respects  they  partly  take  the  form  of  the 
containing  cavity.  The  tops  are  joined  to  the  windpipe;  and 
the  bottoms,  by  the  arteries  and  veins,  to  the  heart  The  right 
lung  consists  of  three  lobes  conjoined  ;  and  the  left  but  of  two, 
which  is  also  excavated  to  make  room  for  the  heart.  The 
colour  of  the  lungs  is,  in  infants,  reddish;  in  adults,  greyish; 
and  in  old  age,  blue  or  black.  They  are  entirely  composed, 
except  the  nerves,  of  blood  and  air  vessels.  The  air  filling 
them  to  all  appearance  almost  as  water  is  absorbed  in  sponge. 
Yet  the  air  vessels  are  all  complete  channels  and  ramifications 
from  the  bronchea.  Inside  all  these  divisions  are  the  arteries 
and  veins,  which  are  also  ramifications  leading  from  the  right 
ventricle  to  the  left  auricle.  It  is  found  that  an  artery  it  alwap 
on  one  side  of  an  air  vessel,  and  a  vein  on  the  other. 

The  superfices  of  the  internal  surface  of  all  the  air  vessels  in 
the  lungs,  is  supposed  to  be  equal  to  the  external  surface  of  the 
whole  body ;  and  their  capacity  is  such,  as  to  hold  at  a  gentle 
inspiration,  about  42  cubic  inches  of  air.  Now  about  1900 
inspirations  take  place  every  hour,  making  on  the  whole  504,000 
cubic  inches  to  which,  in  the  same  space  of  time,  all  the  blood 
in  the  body  is  fourteen  times  exposed,  allowing  nearly  3600 
cubic  inches  for  one  circulation.  At  every  inspiration,  the 
oxygen  of  1  *56  cubic  inches  of  gas  is  taken  into  the  blood  firom 
the  air.  This  will  allow  134^-  cubic  inches  to  one  circulatios 
or  46*7  grains  by  weight  As  by  this  oxygen  gas  a  continoal 
combustion  is  kept  up  in  the  frame,  so  its  products,  via.  water 
and  carbonic  acid,  are  thrown  out  at  every  respiration.  Bwt 
though  this  interchange  takes  place,  the  air  and  blood  are  not 
mingled  together :  they  are  kept  asunder  by  the  membraneowa 
coat  of  the  blood  vessels,  through  which  the  interchange  is 
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made ;  and  which  is  so  delicately  thin,  that  its  nature  or  tex- 
ture has  not  yet  been  ascertained. 

Bat  though  wc  have  the  structure  of  the  lungs  and  their  office 
thus  before  us,  we  yet  want  the  power  to  make  them  play.  A 
bellows  may  be  well  made  and  complete  in  every  respect,  but 
is  of  no  avail  without  the  motive  power.  The  motion  of  the 
lungs  is  as  mechanical  as  that  of  any  forge  bellows,  and  the 
principles  on  which  both  act  are  exactly  the  same.  It  may  be 
remarked,  that  though  all  the  motions  of  the  organs  are  muscu- 
liir,  yet  some  of  them  are  independent  of  the  will,  and  others 
nearly  so; — ^for  the  exertion  of  them,  as  of  the  lungs,  is  so  fami- 
liar that  even  in  the  soundest  sleep  we  do  not  forget  to  ply  them. 
The  ribs,  which  form  the  cavity  of  the  breast,  called  the  thorax, 
are  joined  to  the  back  bone ;  but  not  immoveably  fixed.  They 
are  not  placed  at  right  angles  to  each  side  of  it,  but  slope  a 
little  downwards.  The  uppermost  rib  being  the  shortest,  of 
course  the  chest  is  narrow  at  the  top  and  wide  at  the  bottom. 
Before  the  ribs  meet  at  the  front  they  begin  to  turn  or  slant 
upwards,  and  are  finally  fixed  to  the  breast  bone.  By  means 
of  muscles,  these  ribs  and  the  breast  bone,  being  all  as  it  were 
one  piece,  are  lifted  up— the  articulation  to  the  back  bone 
allowing  a  small  play  in  this  direction.  Now  the  lungs  being 
fastened  on  their  external  surface  on  all  sides,  and  at  the  top 
and  bottom;  and  the  chest  in  which  they  are  placed  being  sepa* 
rated  from  the  abdominal  regions  by  the  diaphragm; — therefore 
when  the  breast  bone  is  lifted  upwards  by  the  contraction,  the 
lungs  are  extended  on  all  sides  ;  and  a  cavity  is  made  inside  of 
them,  into  which  the  air  rushes  by  its  own  pressure  and  elasti- 
city. And  as  its  motion  is  simultaneous  with  the  rising  of  the 
breast  bone,  the  power  exerted  in  the  muscles  is  comparatively 
small.  The  distention  of  the  cavity  of  the  breast  is  about  one- 
tenth  of  an  inch  in  diameter;  but  this,  with  the  internal  cavity 
made  by  the  contraction  of  the  diaphragm,  makes  room  for 
about  42  cubic  inches  of  air ;  and  in  some  persons,  on  occasions 
of  extraordinary  exertion,  from  70  to  100  cubic  inches  are  in- 
haled. By  the  descent  of  the  breast  bone,  the  air  is  expelled, 
and  thus  is  the  process  of  respiration  carried  on. 
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7.   ORGANS  FOR  ASSIMILATING  THB  POOD. 

To  understand  the  nature  and  office  of  these  restels,  it  b 
necessary  to  trace  the  progress  of  the  food  from  the  mouth  to  its 
entry  into  the  blood,  which  it  makes  immediately  before  the 
blood  enters  the  right  auricle  of  the  heart 

Before  the  food  is  taken  up  to  be  carried  to  the  blood,  it 
undergoes  four  processes.  The  first  b  when  it  enters  the  mouth, 
where  it  is  masticated  and  mixed  with  the  saliva.     It  is  thence 
carried  by  the  esophagus  into  the  stomach,  where  the  super- 
^uons  water  is  drained  off,  and  it  is  then  digested  into  a  fine 
soft  pulp,  called  chyme.     It  then  enters  the  intestines ;  the  first 
of  which  is  the  duodenum,  a  gut  about  12  inches  long,  where  it 
undergoes  two  other  processes ;  for  immediately  after  it  enters 
this  gut,  it  is  acted  on  by  the  bile, — a  peculiar  juice  secreted 
from  the  blood  by  the  liver,  and  poured  into  the  gut  by  a  curi- 
ously contrived  tube.    The  bile,  containing  soda  in  a  caostie 
state,  converts  the  chyme  into  a  soapy  substance,  neutraliziiig 
the  fat  and  making  the  whole  of  one  consistency.     Here  thea 
it  has  undergone  the  third  process ;  but  because  it  is  now  in  an 
acrid  state,  and  perhaps  unfit  to  be  hurried  to  the  delicate  ves- 
sels that  convey  it  to  the  blood,  therefore,  another  fluid  is  poured 
out  of  a  tube  a  little  further  along  the  duodenum.    This  tabe 
leads  from  the  pancreatic  gland,  and  the  fluid  called  the  pancre- 
atic juice,  is  of  a  mild  nature,  fitted  to  correct  and  temper  the 
sharp  and  caustib  qualities  of  the  bile.    When  the  food,  after 
these  four  previous  preparations,  has  arrived  at  the  intestinal 
canal,  it  may  be  considered  as  similar  to  the  soil  in  which 
the  roots  of  plants  are  placed,  and  from  which  they  draw  the 
sap.      To  perform  this  oflice  in  the   animal,   the  intestinal 
canal  is  beset  all  round,  and  from  end  to  end,  though  it  is 
12  or  13  yards  in  length,  with  myriads  of  ^little  vessels  called 
the  lacteaU,  Therefore  as  the  chyme  passes  along  this  winding 
canal,  the  lacteals  are  continually  sucking  up  a  fluid  from  it. 
This  fluid  is  called  the  chyle;  and  the  mouths  of  the  vessels, 
that  they  may  take  nothing  gross  into  the  blood,  are  so  small  as 
not  to  be  detected  even  with  the  microscope;  and  the  vessels 
themselves  can  only  be  seen  by  the  help  of  that  instrumeat 
when  they  are  distended  with  the  fluid.    These  minute  vessels 
soon  unite  together  and  form  large  branches,  that  terminate  in 
glands  from  which  still  larger  pipes  proceed,  till  all  the  chyle 
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enters  one  common  reservoir,  called  the  receptacnlam  chyli, 
which  holds  about  two  table  spoons  full.  From  this  a  pipe  or 
vessel  called  the  thoracic  duct  proceeds ;  climbing  up  behind  the 
chest  along  the  esophagus,  by  which  the  food  enters  the  stomach, 
till  it  reaches  the  neck,  where  it  is  emptied  into  the  blood ;  and 
being  churned  in  the  heart,  is  hurried  away  to  the  lungs  to  bo 
there  elaborated. 

All  these  ducts  or  vessels  are  furnished  with  muscles ;  and 
have  a  peculiar  motion  by  which  they  are  enabled  to  transmit 
their  contents  from  one  to  another.  After  the  food  is  masti- 
cated by  the  teeth,  the  muscles  of  deglutition,  send  it  throng 
the  pharynx  into  the  esophagus,  whence  by  the  muscular  con« 
traction  of  that  duct,  commencing  at  the  top,  it  is  forced  down 
to  the  stomach,  which  it  enters  by  the  cardia.  In  the  human 
esophagus  those  muscles  are  slight,  by  reason  of  the  erect 
position  of  the  body  ;  but  this  is  not  the  case  with  browsing  ani- 
mals, as  with  the  horse  and  cow, — a  strong  muscular  exertioa 
being  required  while  they  have  their  heads  down  in  the  act  of 
grazing.  The  stomach  is  a  bag  which,  when  distended,  is  capa- 
ble of  holding,  in  a  moderate  man,  from  three  to  three  pints 
and  a  halfl  When  well  filled  both  ends  are  shut  up;  and  the  fuller 
it  is,  the  more  tightly  are  its  orifices  closed.  It  is  much  in  the 
shape  of  the  pouch  of  a  Highland  Bagpipe,  lying  transversely 
across  the  body.  The  orifice  by  which  the  food  enters,  is  lower 
than  that  by  which  it  passes  out,  so  that  it  is  forced  through  by  a 
gentle  undulatory  motion,  which  commences  at  the  cardia  and 
ends  at  the  pilorus;  the  progress  is  greatly  assisted  by  the 
wrinkles  of  the  inner  coat  of  the  stomach.  The  chyme  is  pro- 
pelled slowly  along  the  intestines  by  a  peristaltic  or  vermicular 
kind  of  motion,  so  that  by  its  slow  progress^  and  the  length  of 
the  passage,  all  parts  are  exposed  to  the  mouths  of  the  lacteals, 
which  pump  up  the  nourishing  or  finer  parts,  and  the  grosser 
are  expelled.  The  lacteals  are  too  small  to  ascertain  by  obser- 
vation, in  what  manner  the  fluid  is  made  to  pass  along  them ; 
and  the  thoracic  duct,  having  no  pulse  to  propel  its  contents 
which  have  to  ascend,  is  furnished  with  a  number  of  valves, 
that  open  upwards ;  so  that  the  chyle  is,  as  it  were,  caught  step 
by  step,  and  lifted  up  to  the  subclavian  vein,  where  it  enters, 
drop  by  drop,  into  the  blood* 
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8.  ABSORBENT  OR  LYMPHATIC  STSTBM. 

Bbsidbs  the  arteries  and  reins,  there  is  another  system  of 
vessels  connected  with  the  circulation  of  the  blood.  They  are 
called  ab90Tbent$  from  their  supposed  office  of  gathering  up  the 
effete  particles,  or  such  as  have  gone  through  the  process  of 
animalization.  They  also  cleanse  the  system  ftt>m  internal 
pus,  &c,t  hence  they  are  sometimes  called  detergents.  They  are 
denominated  fymphaticSf  from  the  appearance  of  the  fluid  which 
they  contain :  being  a  colourless  lymph  consisting  chiefly  of 
albumen. 

They  are  regularly  dispersed  over  all  the  body.  Their  mondis 
lying  obliquely  open  on  the  outside  of  the  middle  coat  of  the 
skin,  imbibe  external  applications  &c.,  but  they  here  terminate 
principally  in  the  soft  cavities.  Leewenhoeck  calculated  the 
mouths  of  seven  thousand  millions  on  a  square  foot  of  the  sur- 
face of  the  stomach ;  and  they  are  equally  numerous  on  several 
other  parts  of  the  body.  Their  main  trunks  generally  aeeom- 
pany  the  large  arteries,  and  some  of  them  the  veins ;  and  those 
from  the  lower  parts  of  the  body  empty  themselves  by  three  or 
four  large  trunks  into  the  receptacle  of  the  chyle  or  lower  part 
of  the  thoracic  duct,  which  in  fact  they  seem  to  compose.  Those 
of  the  upper  part  of  the  trunk  are  emptied  into  the  higher  part, 
nearer  to  where  that  duct  is  discharged  into  the  left  subelarian 
vein.  And  suck  as  come  from  the  right  side  of  the  neck,  tho- 
rax, and  right  arm,  terminate  in  the  right  subclavian  vein.  AD 
of  them  are  furnished  with  valves,  and  are  supposed  to  have  a 
muscular  coat,  that  propels  their  fluid. 

9.   GLANDS. 

There  are  no  less  than  about  20  fluids  separated  from  the 
blood,  by  means  of  certain  organs  called  glands.  All  these 
fluids  possess  very  different  properties,  both  in  taste,  ameU, 
colour,  and  consistency ;  and  in  many  respects,  are  as  miUke 
each  other  as  possible.  Among  different  species  of  •nimfdff^ 
these  secretions  contain  directly  opposite  properties,  such  as 
the  most  nutritious  aliments,  and  the  deadliest  poisons;  the 
sweetest  perfumes,  and  the  most  foetid  odours. 

The  largest  of  the  glands  is  the  Hver  whose  office  is  to  secrete 
the  bile.    To  the  underside  of  this  viscous  is  attached  the  gaO 


Digitized  by  VjOOQIC 


HUMAN  FRAME.  587 

bladder,  which  is  in  the  shape  of  a  pear,  and  capable  of  holding 
two  or  three  ounces.  In  this  bladder  the  bile  is  supposed  to 
be  retained  a  certain  time,  that  some  of  its  aqueous  parts  may 
be  evaporated,  and  that  it  may  be  rendered  more  caustic  before 
it  enters  the  duodenum.  But  while  it  is  retained  here,  it  is 
sometimes  concreted  into  knots,  which  stop  the  passage ;  and 
the  bile  regurgitates  into  the  liver,  and  again  into  the  blood  pro- 
ducing the  jaundice.  The  composition  of  800  parts  of  ox-bile 
was  as  follows :  water  700,  resin  43,  saccharine  matter  41, 
albumen  4,  muriate  of  soda  3*2,  sulphate  of  do.  0*8,  phosphate 
of  do.  2*0,  phosphate  of  lime  1*2,  oxide  of  iron  0*5. 

The  pancreoit  or  what  is  sometimes  called  Mweetbread,  is  a 
gland  somewhat  in  the  shape  of  the  tongue  of  a  dog;  the  point 
is  conjoined  to  the  spleen,  and  the  other  end  stretches  towards 
the  duodenum,  to  which  it  is  attached  by  the  pancreatic  duct. 
The  pancreas  seems  composed  of  a  number  of  small  glands, 
each  of  which  has  a  little  duct.  These  terminate  in  larger  ones, 
which  uniting,  finally  form  the  main  duct  The  fluid  secreted 
is  not  unlike  saliva. 

The  kidneys  are  two  glands  whose  office  is  to  separate  the 
urine  from  the  blood.  They  are  in  shape  of  kidney  beans, 
having  the  concave  part  towards  the  large  vein  ascending  to 
the  right  auricle,  as  well  as  towards  the  great  artery  extending 
from  the  left  ventricle.  They  consist  of  three  parts.  The  cor- 
tical or  outer  part  is  composed  of  numerous  convolutions  of 
small  blood  vesseb,  in  which  the  chief  secretion  is  carried  on. 
The  middle  consists  of  larger  vessels,  being  the  place  where 
those  of  the  outer  unite  and  discharge  into  a  vascular  substance 
which  consists  of  multitudes  of  small  tubes  that  terminate  in 
the  inner  part.  This  part  consists  of  ten  or  twelve  papillae, 
each  having  several  small  orifices,  through  which  the  urine 
drops  into  a  small  reservoir,  whence  it  is  conveyed  from  each 
kidney  to  the  bladder,  by  the  two  vessels  called  the  ureters. 

The  parotid  glands,  which  secrete  the  saliva,  lie  between  the 
ear  and  the  lower  jaw.  A  pipe  about  the  thickness  of  a  wheat 
straw,  and  about  three-fourths  of  an  inch  in  length  conveys  it 
to  the  mouth.  The  orifice  of  this  tube  is  in  the  middle  of  the 
cheek.  Saliva  consists  of  99*29  w^ter  *29  peculiar  animal  mat- 
ter, *14  mucus,  '17  alkaline  muriates,  *09  lactate  of  soda,  '02 
pore  soda. 

The  esophagus,  stomach,  and  intestines  all  consist  of  four 
ooats;  one  ntoscular  and  one  glandular,  which  secretes  its  own 
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peculiar  juice.    This  jaice,  in  the  esophagus  prereBts  thirst, 
and  lahricates  the  internal  part  of  the  intestines ;  bat  that  «f 
the  stomach,  called  the  gastic  juice,  has  a  much  more  importaal 
office,  viz.  that  of  digesting  the  food.     It  is  a  thin  cdourlcis 
liquor,  exuding  from  the  glandular  coat  of  the  stomach.    The 
manner  in  which  it  acts  defies  the  scrutiny  of  philosophy  to  dis- 
cover.    It  is  said  to  be,  not  by  chemical  affinity,  and  yet  it 
will  reduce  the  hardest  and  toughest  substances  that  are  ussally 
conveyed  into  the  stomach  to  a  soft  pulp.     In  some  animab,  ts 
in  the  ostrich,  it  will  dissolve  even  small  bits  of  iron  and  hard 
pebbles.    Yet  this  juice  when  taken  from  the  stomach,  is  found 
to  be  as  harmless  and  insipid  as  saliva  or  gum  water,  whick  it 
amch  resembles.     Nor  does  it  attack  the  coats  of  the  stomach 
while  life  remains;  except  when  the  stomach  is  empty,  it  has 
been  supposed  to  irritate  the  internal  coat,  and  cause  the  gnawkif 
pun  of  hanger.     But  in  some  cases  of  sudden  death,  where  its 
power  had  not  been  injured  by  disease,  it  has  becnknowat© 
attack  the  stomach  equally  with  its  contents.    And  as  the  gas- 
tric glands  and  their  powers  must  be  adapted  and  proporUooed 
to  the  quantity  and  quality  of  the  food,  so  we  find  them  the 
largest  and  most  numerous  in  animals  destined  to  inhabit  die 
most  b«rre&  regions  of  the  earth,  and  in  those  whose  sup|dy  el 
flood  is  the  most  precarious ;  so  that  they  can  eat  as  wfoA  oa 
one  occasion  when  they  can  obtain  it,  as  will  serve  them  fer  t 
considerable  time.     In  animals  that  continually  live  in  abua* 
dance,  they  are  much  smaller;  in  man  they  are  the  smallest,^ 
a  wise  provision  against  the  luxurious  pleasures  of  the  laUe. 

Besides  the  glands  already  mentioned  there  are  many  othtfti 
aa  those  which  separate  the  tears,  and  the  oily  mocilaginoaf 
mattey  that  libricates  the  jounts,  also  those  in  the  fenuile  thil 
secrete  the  milky  wilh  many  others. 

10.  TH£  INTERNAL  PARTS  OF  THE  BODY  AND  THEIR 
DISPOSITION. 

The  internal  cavity  of  the  body,  made  by  the  ribs,  i»  divided 
into  two  compartments  by  the  diaphragm.  The  upper  is  called 
the  thorax  or  chest,  and  the  lower  the  abdomen. 

The  dtapkragm  or  midriff  is  a  broad  strong  mus^;  attached, 
behind^  to  the  lumbar  vertebrae  or  back  bone;  at  the  sidesi  to 
tke  ribs;  and  at  the  front,  to  the  stemvm.  Tbos  it  forma  a  coa- 
lite division;  the  large  Uood  vessels  and  the  esophagua  passog 
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through  it  It  is  dfsposed  like  a  vault  orer  the  abdomen,  the 
convert  side,  being  within  the  chest,  diminishes  its  cavity,,  or 
makes  the  lungs  colkipse ;  but  by  the  contraction  of  its  muscu- 
lar fibres,  it  is  reduced  to  a  flat  ceiling,  which  enlarges  the 
chest  and  dilates  the  lungs.  And  as  this  motion  is  simultaneous 
with  the  rising  of  the  breast  bone,  as  stated  sec.  6,  it  appears  that 
the  diaphragm  is  a  considerable  auxiliary  in  the  process  of 
respiration.  It  is  also  a  chief  agent  in  the  acts  of  coughing, 
sneezing,  laughing,  gaping,  sighing,  and  some  others  belonging 
to  the  viscera  of  the  abdomen,  many  of  which  could  not  per- 
form their  office  without  its  assistance. 

In  the  thorax  are  placed  the  organs,  which  by  way  of  pre- 
eminence are  styled  the  vital  organs,  viz.  the  heart  and  the 
lungs ;  the  esophagus  also  passes  through  it.  The  cavity  of  the 
thorox  is  lined  with  a  membrane  of  a  firm  texture,  called  the 
pleura.  This  membrane  consists  of  two  distinct  bags,  one 
placed  on  each  side.  Their  design  seems  to  be  to  contain  the 
lungs,  their  adjoining  sides  therefore  form  a  division  of  the 
thorax;  and  by  being  fastened  to  the  sternum  on  the  front,  and 
attached  to  the  vertebraa  behind,  form  a  stout  partition  wall, 
called  the  mediastinum,  between  the  lungs.  Many  incon- 
Teniences  are  obviated  by  this  partition,  which  particularly 
serves  as  a  stay  for  the  lungs,  and  prevents  the  lobes  of  the  one 
from  pressing  upon  those  of  the  other, — when  we  lie  on  one  side; 
and  consequently  it  contributes  to  the  freedom  of  respiration. 

The  heart  and  the  great  blood  vessels  are  securely  lodged  in 
a  strong  membraneous  bag  called  the  pericareHum,  This  sack 
is  partly  inserted  between  the  two  bags  of  the  pleura, — they 
receding  a  little  at  the  underside  to  make  room  for  it.  Its 
basis  is  strongly  fixed  to  the  mediastinum,  and  its  point  to  the 
middle  tendon  of  the  diaphragm.  The  heart  is  placed  almost 
tnmsversely  across  the  breast,  the  broad  end  or  basis  bemg 
directed  to  the  right  side,  and  the  apex  to  the  left,  so  as,  when 
it  beats,  to  strike  the  sixth  rib.  It  is  fastened  to  the  pericar- 
dium, and  farther  sustained  by  the  large  blood  vessels.  All 
these  bags,  and  in  fact  all  the  viscera,  have  their  appropriate 
juices  liecreted,  with  which  they  are  moistened  and  lubricated, 
so  as  to  prevent  friction  or  adhesion. 

The  abdomen  is  naturally  divided  into  two  parts  by  some  of 
its  viscera  being  included  in  a  large  bag  called  the  peritoneump 
which  is  a  thin  soft  transparent  membrane,  yet  strong  and  cap»« 
ble  of  being  considerably  extended.    The  viscera  containtd  ia 
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it  ure  the  stomach,  the  liver,  the  pancreas,  the  spleen,  the 
omentam,  the  mysenterj,  with  the  lacteals  and  intestines. 

The  stomach  is  placed  on  the  front  at  the  top  of  the  abdomi- 
nal division  of  the  trunk.  It  is  laid  transversely  across  the  body 
rather  inclining  to  the  left  side,  at  which  side  the  esophagus 
enters.  The  external  coat  of  the  stomach  seems  an  extension 
of  the  peritoneum  ;  and,  of  course,  is  thereby  fastened.  The 
pancreas  is  placed  behind  the  stomach,  one  end  rather  beneath 
the  liver  and  the  other  joined  to  the  spleen.  The  omentom  is  a 
membrane  produced  from  the  peritoneum  doubling  upon  itself 
at  its  lowest  part,  like  a  tucked  up  apron.  The  upper  edge  is 
tied  to  the  underside  of  the  stomach,  to  the  spleen,  and  part  of 
the  duodenum.  The  turned  up  edge,  after  forming  the  doubling, 
comes  behind  the  front  flap,  and  is  joined  to  the  colon  and  con- 
tiguous viscera.  The  omentum,  containing  a  large  quantity  of 
fat,  is  supposed  to  perform  the  office  of  lubricating  the  intes- 
tines placed  below. 

The  liver  is  placed  immediately  beneath  the  diaphragm,  be- 
hind or  rather  to  one  side  of  the  atomach.  It  consists  of  two 
lobes  of  unequal  size,  the  larger  one  filling  the  right  side,  and 
the  smaller  extending  towards  the  middle  or  front,  is  kept  in  its 
place  by  two  ligaments.  The  one  comes  from  the  covering  of 
the  diaphragm  and  penetrates  the  substance  of  the  liver ;  the 
other  is  the  umbilical  cord,  which  after  birth  becomes  a  liga- 
ment The  first  preserves  the  liver  in  its  position  when  we 
stand  upright,  walk,  or  leap ;  and  must  therefore  be  large  and 
strong.  The  other  prevents  it  pressing  on  the  diaphragm, 
should  we  stand  on  our  heads,  or  should  the  body  by  accident 
be  inverted ;  and  both  together  suspend  it  when  we  lie  on  our 
backs,  and  prevent  it  from  pressing  upon  the  large  vein  placed 
behind  it,  which  returns  all  the  blood  from  the  lower  parts  of 
the  body  to  the  heart. 

The  spleen  is  a  soft  spongy  substance  of  a  colour  between  a 
dark  red  and  blue.  Its  shape  is  extremely  irregular,  and  it  is 
confined  to  its  place  by  adhesion  to  the  peritoneum  and  dia- 
phragm, and  by  a  ligament  to  the  omentum.  It  is  extremely 
full  of  blood  vessels,  but  has  no  visible  duct  It  has  been 
removed  from  a  living  dog,  and  the  animal  still  prospered, 
shewing  no  symptoms  of  his  loss,  so  that  its  nse  is  not  yet 
satisfactorily  ascertained.  Some  late  experiments  seem  to 
prove  that  water  passes  from  the  cardiac  part  of  the  stomach, 
through  the  spleen  and  liver  to  the  bladder;  however  the  vea- 
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sels  to,  and  through  the  spleen,  are  so  minute  that  they  have 
not  'yet  heen  discovered.  Some  drinks  have  been  ascertained 
to  pass  this  way,  and  to  have  been  voided  in  17^  minutes.  It 
is  also  supposed  to  have  something  to  do  with  the  colouring  of 
the  chyle ;  which,  before  it  arrives  at  the  thoracic  duct,  re- 
ceives a  red  tinge ; — but  how  it  receives  it,  is  not  known. 

The  mesentery  supports  the  intestines,  and  is  itself  fast  tied 
to  the  first  three  vertebrae  of  the  loins,  or  that  part  of  the  back 
bone  immediately  beneath  the  diaphragm.  It  is  of  a  fat,  snety 
nature,  and  of  considerable  breadth ;  and  not  only  keeps  the 
intestinal  canal  in  proper  order,  but  also  contains  the  lacteals, 
which  pervade  nearly  the  whole  extent ;  and  in  it  are  likewise 
placed  the  arteries  and  veins  which  supply  the  intestines. 

The  intestines  are  tbe  whole  of  the  alimentary  canal  reaching 
from  the  stomach  to  the  rectum ;  and  as  it  is  above  sis  times 
the  length  of  the  whole  body,  and  crowded  into  a  very  small 
space,  it  is  evident  some  very  ingenious  contrivance  must  be 
necessary  to  keep  it  in  order;  without  which  when  the  body  is 
jerked,  and  tumbled  in  all  possible  ways,  whether  in  dancing, 
running,  or  leaping,  the  many  folds  of  this  prolixity  of  gut  must 
be  in  danger  of  being  entangled.  And  as  it  is  composed  ot 
materials,  that  are  soft  and  pliant,  their  passage  must  needs  be 
stopped.  However  this  is  obviated  by  the  following  contri- 
vance, viz.  the  lower  edge  of  the  mesentery  is  a  kind  efface  or 
broad  edge  to  which  the  gut  is  fastened; — but  in  being  fastened, 
it  is  puckered  in  as  the  frill  of  a  shirt  is  gathered  to  the  cloth, 
so  that  the  gut  is  four  times  the  length  of  the  edge;  or  four 
inches  of  the  gut  are  joined  to  one  inch  of  the  mesentery.  By 
this  kind  of  suture,  it  is  capable  of  that  peristaltic  muscular 
motion,  which  propels  the  chyme  along  it.  And  the  mesentery, 
being  fast  bound  to  the  back,  and  its  folds  being  regularly  dis- 
posed, the  intestinal  canal  is  consequently  arranged  across  the 
lower  abdomen,  without  a  possibility  of  its  folds  being  entan- 
gled or  of  their  interfering  with  each  other. 

The  viscera  of  the  abdomen,  not  placed  within  the  perito- 
neum, are  the  kidneys,  the  ureters,  the  receptacle  of  the  chyle, 
the  aorta,  and  the  vena  cava  ascendens.  Yet  the  kidneys, 
ureters,  and  the  upper  part  of  the  bladder  are  contained  in  a 
duplicature  of  the  peritoneum;  but  by  the  main  bag  of  that 
membrane,  they  are  protected  from  the  pressure  of  the  other 
viscera.  The  upper  or  thick  end  of  the  bladder,  is  tied  by  the 
urachus  to  the  navel;  and  the  two  ducts,  called  the  ureters, form 
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a  commnnicatioii  between  it  and  the  kidneys,  whicli  are  safdj 
lodged  in  a  bed  of  fat. 

Thus  we  see,  how  carefoUj  all  parts  of  the  body  are  packed 
up  and  tied,  so  that  there  is  no  possibility  of  their  derangemeot 
by  the  contortions,  sadden  jerks,  and  various  shakings  to  whidi 
the  whole  is  liable.  They  are  also  prevented  from  one  pressing 
upon  another,  and  impeding  the  motion  of  their  respective  fluids, 
or  otherwise  molesting  each  other's  proper  functions. 

11.    EXTERNAL  PADDING  AND  COVERING. 

The  bones  form  the  support  or  prop-work  of  the  aniaal 
superstructure ;  the  muscles  attached  to  them  give  it  motion  asd 
proportional  symmetry ;  to  both  are  fastened  various  orgaiis 
and  viscera,  which  furnish  materials  for  the  support  of  the 
whole ;  we  now  only  want  external  padding  and  leveling,  and 
something  strong  and  durable,  not  only  to  cover  the  whole,  bat 
to  hide  the  internal  parts  from  our  sight  For  were  all  the 
organs  and  their  operations  placed  within  our  view,  we  should 
continually  be  in  danger  of  being  frightened  to  death  with 
apprehension,  lest  the  many  thousand  things  on  which  life  and 
comfort  depend  should  not  all  go  right. 

There  is  therefore  placed  all  over  the  muscles  immediately 
under  the  skin,  to  which  it  seems  to  form  a  cushion,  what  is 
called  the  cellular  or  adipose  membrane.  It  is  a  white  mem- 
braneous substance  or  net  work,  full  of  cells  almost  like  a 
sponge.  Into  these  cells  is  poured  the  animal  oil,  and  the  whole 
taken  together  constitute  that  part  of  the  flesh  called  fat.  This 
extending  all  over  the  body,  fills  up  the  cavities  of  the  muscles; 
hides  or  diminishes  their  protuberances,  and  smooths  their 
asperities;  and  increasing,  when  its  cells  are  well  filled,  the 
bulk  of  the  body,  stretches  and  gives  sleekness  to  the  skin, 
which,  also  from  the  oil  beneath,  is  made  soft  and  smooth : — 
hence,  to  the  cellular  membrane  is  owing,  the  roundness,  and 
plumpness  which  are  the  distinguishing  characteristics,  and 
form  the  peculiar  beauty  of  well  fed  animals. 

The  skin  is  the  outward  covering  of  the  whole.  Like  the 
bark  of  trees,  it  consists  of  three  coats ;  the  external  one  is 
called  the  cuticle  or  epidermis,  the  middle  one  is  the  mncons 
membrane,  and  the  innermost  is  the  cutis.  The  first  is  a  thin 
transparent  membrane,  very  porous,  and  possessed  of  neither 
colour  nor  feeling :  for  it  may  be  pared  off  without  oar  per- 


Digitized  by  VjOOQIC 


HUMAN  FRAME.  593 

ceiTing  it  But  immediately  beneath  it,  and  over  the  macons 
membrane,  are  spread  tbe  extremities  of  the  nerves.  This  mid- 
dle coat  is  of  a  thin,  soft  texture,  consisting  of  a  mncons  sab- 
stance,  whose  colour  somewhat  varies  in  different  persons,  and 
stamps  the  character  of  fair  and  browh  on  the  complexion :  in 
negroes  it  is  completely  black.  Europeans  now  wear  artificial 
nacoas  membranes  made  of  calico ;  and  this,  it  is  said,  enables 
them  to  bear  the  heat  of  the  torrid  zone  like  a  real  black.  The 
cutis  is  the  thickest,  toughest  and  most  durable  of  the  whole. 
It  is  this,  which  in  animals  is  so  useful  in  making  leather ; 
being,  as  well  as  the  other  two  coats  composed  of  gelatine, 
which  combines  with  tannin. 

The  skin  in  places  is  semitransparent,  and  partly  shews  the 
veins  and  arteries  through  it,  which  latter  give  floridness  to  the 
complexion.  But  where  the  skin  covers  the  bones  or  car- 
tilages, there,  the  colour  of  these,  viz.  white,  or  bluish  white, 
predominates.  In  other  places,  where  the  skin  is  thick,  or 
least  stretched,  it  is  more  opaque  and  only  its  own  yellow  hue 
is  seen. 

But  besides  the  external  beauty  and  substantial  covering 
which  the  skin  afibrds  to  the  whole,  it  has  another  important 
office :  for  through  it  is  a  continual  evacuation.  Both  nerves 
and  arteries  terminate  beneath  the  epidermis,  the  latter  of  which 
are  continually  exuding  a  matter  called  perspiration.  The  ab- 
sorbents have  here  also  their  mouths  open  to  gather  up  external 
applications.  But  the  mouths  of  both  sets  are  so  very  small, 
that  Leewenhoeck  asserted  that  the  mouths  of  125,000  might  be 
covered  with  a  grain  of  sand.  However  the  quantity  of  matter 
evaporated  by  perspiration  is  said  to  be  more  than  equal  to  all 
other  evacuations.  But  it  differs  in  different  persons,  is  more 
copious  in  youth  than  in  age,  during  sleep  than  awake,  depends 
a  great  deal  on  atmospheric  temperature,  and  is  greatly  j^ro- 
moted  by  exercise.  When  it  exists  in  such  quantity  as  to  be  in 
drops,  it  is  called  sweat  or  sensible  perspiration,  at  other  times, 
it  is  denominated  insensible.  The  matter  perspired  contains 
pure  nitrogen,  acetic  acid,  and  perhaps  an  unctuous  matter  from 
the  nerves :  the  br.sis  is  water. 

12.   BRAIN  AND  NERVES. 

Though  we  have  mentioned  all  the  principal  mechanical 
parts  of  tbe  animal  superstructure,  and  shewn  that  motion  is 
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given  to  the  whole  by  certain  mnscnlar  eontraetions ;  yet  we 
want  that  power  which  is  to  commnnicate  this  motion  to  the 
muscles  themselves;  without  which,  all  we  have  been  describing 
would  remain  inert  masses.  The  Witt  is  the  power  by  which 
this  motion  is  generally  directed,  and  the  nerves  are  the  cluui- 
nels  along  which  it  is  conveyed  from  the  Brain,  the  great  sen- 
sorttMi,  to  that  particular  muscle  which  is  to  produce  the 
desired  action.  The  motary  medium  is  the  galvanic  power, 
under  the  regulation  of  Life,  whose  origin  we  know  nothing 
about,  but  whose  sgency  compels  us  to  acknowledge  the  con- 
tinual interference  of  a  superior  and  superintending  Power. 

The  nerves  may  be  considered  as  an  extension  of  the  brain 
over  all  the  body ;  therefore,  to  understand  them  rightly,  we 
must  commence  with  a  description  of  the  brain,  which  is  tiie 
substance  that  fills  the  whole  internal  cavity  of  the  sknlL  It  ia 
of  a  aoft,  white,  pulpy  nature,  composed  chiefly  of  wster,  which 
constitutes  full  three-quarters  of  its  whole  substance ;  the  restia 
principally  albumen,  with  a  little  phosphate  of  lime,  phosphate 
of  soda,  phosphate  of  ammouia,  and  sulphate  of  lime ;  but  alto* 
gether  these  salts  do  not  form  more  than  a  three-hundredth 
part  of  the  whole  brain.  It  receives  about  one-tenth  part  of 
the  blood  of  the  whole  body,  although  only  about  a  Uiirty-fifUi 
part  of  the  weight ;  and  contains  many  curious  contrivances 
either  to  prevent  the  blood  from  pressing  with  too  much  violence 
on  any  particular  part,  or  to  modify  its  motion.  The  propor- 
tion which  it  bears  to  the  whole  body  was  found  by  two  eminent 
experimentalists  to  be,  in  different  subjects,  as  follows  : 
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All  that  the  cavity  of  the  cranium  contains  is  included  untier 
the  general  term,  brain;  but  it  has  several  compartments,  each 
having  a  different  denomination.  The  whole  is  surrounded  by 
two  principal  coats.  The  outer  otte>  called  the  dura  mater,  is 
a  perfectly  smooth,  inelastic  membrane,  that  sends  off  several 
processes,  which  divide  the  brain  into  many  portions,  and  pre- 
Tent  the  lobes  from  compressing  each  other.    Its  inner  surface 
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18  bedewed  with  a  fine  pellaoid  flaidy  which  separates  it  from 
the  inner  coat.  This  ooat»  called  the  pia  mater,  is  a  very 
delicate  and  transparent  membrane,  much  softer  and  finer  than 
the  other.  It  is  composed  of  two  lamina:  the  outer  one  is  a 
mere  film  and  spreads  uniformly  over  the  whole  brain;  while 
the  inner  one  insinuates  itself  between  the  convolutions,  and 
even  enters  into  the  wrinkles  and  interior  cavities.  In  it  are 
ramifications  of  blood  vessels,  which  send  out  small  capillary 
tubes  that  perforate  and  snpply  the  brain.  The  largest  portion 
of  the  brain  is  called  the  cerebrum,  or  brain  proper.  It  partly 
oimsists  of  six  lobes;  one  each  side  the  forehead;  one  each 
nde  the  middle ;  and  one  each  side  the  hinder  part:  these  occupy 
the  upper  part  of  the  skull  filling  the  chief  of  the  cavity. 
Beneath  the  two  hind  lobes  is  situated  the  cerebeiium.  A  third 
part  which  connects  both,  and  from  which  the  nerves  chiefly 
proceed,  is  called  the  medmiia  obhmgaia. 

The  cerebrum  appears  to  be  composed  of  two  distinct  sub- 
stances,  the  exterior  one  is  the  softest  part  of  the  brain.  It  is 
of  a  greyish  colour,  in  this  respect  resembling  wood  ashes;  but 
the  other  is  a  very  white  medullary  substance.  The  cerebel- 
lum is  divided  into  two  lobes.  It  differs  in  consistency  very 
litde  from  the  cerebrum,  though  some  suppose  its  texture  to  be 
finer.  It  is  also  composed  of  the  same  two  substances,  but  the 
outer  one  is  somewhat  larger  in  proportion.  The  medulla 
'oblongata  is  formed  from  the  union  of  two  chief  ramifications; 
one  from  each  inner  substance.  It  is  situated  at  about  the  mid- 
dle of  the  under  part  of  the  brain,  right  over  the  vertebrae  of  the 
neck* — ^This  is  an  outline  of  the  brain;  but  the  internal  part» 
are  too  various  to  be  particularised  in  our  prescribed.  limiU. 
Indeed  to  do  them  justice  would  require  a  whole  volume. 
Taken  as  a  piece  of  curious  mechanism,  they  are  full  as  inde- 
finable as  the  ideas  often  elaborated  therein;  and  the  particular 
uses  of  each  part  of  the  one,  are,  according  to  the  old  school  of 
philosophy  which  prides  itself  in  confessing  its  ignorance  on 
this  point,  as  utterly  inexplicable  as  the  origin  of  the  other:  but 
according  to  the  phrenologists,  each  division  of  the  brain  is 
an  organ  that  has  an  intelligible  use  in  the  animal  economy. 

The  medulla  oblongata  extends  through  a  hole  in  the  skull 
into  the  neck,  and  down  the  canal  of  the  back  bone  to  its  lowest 
eiuL  This  extension  is  called  the  medulla  ^pmaUs,  spinal  mar- 
row or  pith  of  the  back.    The  pia  and  dura  mater  also  accom- 
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pany  it  The  latter  is  fastened  to  the  os  occipitis  or  bone  of  the 
sknll  that  joins  the  top  of  the  neck ;  and  is  attached  to  the 
spinal  canal  by  a  cellular  membrane,  but  is  more  strongly 
attached  where  different  nerves  branch  off.  That  the  spinal 
marrow  may  not  by  its  weight  oppress  the  medulla  oblongata, 
the  pia  mater  is. attached  by  a  new  membrane  to  the  dura  mater. 
The  spinal  marrow  is  externally  of  a  whitish  colour;  bat  inter- 
nally is  somewhat  darker,  so  that  it  seems  as  if  the  order  of  the 
substances  of  the  brain  was  inverted. 

The  nerves  are  medullary  chords  differing  from  each  other 
in  size,  colour,  and  consistency.  There  are  39  or  40  pairs  of 
nerves.  Three  of  them  branching  off  from  the  cerebrum ;  and 
6  from  the  cerebellum  and  medulla  oblongata :  and  the  rest  are 
from  the  spinal  marrow.  1.  Those  of  the  sense  of  smelling.  2. 
Those  of  sight.  3.  Regulate  the  muscles  of  the  eyes :  these  are 
from  the  cerebrum.  4.  Called  the  pathetic  nerves  because  they 
regulate  certain  muscles  of  the  eyes,  which  are  used  in  the 
expression  of  certain  passions.  5.  This  pair  separates  into 
three  branches :  one  to  the  eyelids  and  forehead,  another  to 
the  upper  teeth,  and  the  third  branch  to  the  lower  teeth.  6.  These 
assist  in  drawing  the  eyebalk  from  the  nose.  7.  Form  the  seat  of 
the  sense  of  hearing.  8.  Thb  pair  is  called  par  vagum;  because 
they  perform  a  multitude  of  offices  :  branching  off  to  the  organs 
of  the  thorax,  and  abdomen,  viz.  the  heart,  stomach,  S:c. 
9.  These  belong  to  the  tongue,  and  perform  the  double  office  of 
taste  and  linguary  motion:  these  six  pairs  are  from  the  cerebel- 
lum and  medulla  oblongata.  From  the  veterbrsB  of  the  neck  8 
parts  proceed.  From  the  back  12.  From  the  loins  6.  And  from 
the  lower  part  6  or  6,  which  are  called  the  sacral  nerves  :*- 
these  30  or  31  pairs  are  principally  distributed  to  the  external 
part  of  the  trunk,  and  to  the  extremities. 

Besides  the  above  primary  pairs,  there  is  a  secondary  one, 
called  the  intercostal,  or  great  sympathetic.  Its  origin  is  not 
very  certain^  but  it  seems  to  commence  from  filaments  of  the 
5th  and  6th  pairs.  Passing  through  the  cranium  with  the 
carotid  artery,  it  thence  descends  down  each  side  of  the  back 
bone;  and  receives  branches  from  all  the  nerves,  forming  many 
ganglions,  and  sending  off  an  infinite  number  of  branches  to 
the  viscera  of  the  thorax  and  abdomen,  wher^  they  make  several 
plexus  with  the  8th  pair.  However  some  doubts  have  lately 
arisen  whether  this  is  in  reality  a  nerve,  • 
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When  the  nerves  leave  the  spinal  marrow,  they  generally 
consist  of  two  kinds  of  chords,  which  are  as  it  were  knotted  at 
certain  lengths ;  and  from  these  knots,  called  ganglions,  fresh 
branches  are  sent  off.  Ail  the  nerves,  likewise,  as  they  are 
distributed  through  the  body,  unite  with  each  other  at  places, 
called  ple]LUS,  from  which  branches  are  again  distributed. 
They  then  spread  themselves  over  the  muscles,  penetrate  the 
glands,  surround  every  vessel,  and  pierce  the  very  interior 
of  the  bones.  They  cover  the  whole  of  the  external  surface  of 
the  body :  being  spread  out  like  a  thin  net-work  upon  the  middle 
coat  of  the  skin;  and  so  delicately  fine  is  this  film,  that  we 
cannot  see  it  with  the  naked  eye;  yet  so  completely  does  it 
cover  the  body,  that  we  cannot  prick  the  skin  in  any  one  part, 
without  at  the  same  time  perforating  a  nerve. 

The  spinal  nerves,  according  to  Mr.  C.  Bell,  have  a  double 
origin,  one  set  of  their  filaments  proceeding  from  the  anterior, 
and  the  other  from  the  posterior  part  of  the  spinal  column. 
And  it  has  been  discovered  by  this  eminent  anatomist,  that  if 
the  anterior  filaments  are  divided,  the  part  to  which  the  nerve 
is  sent  is  deprived  of  voluntary  motum ;  while  the  division  of 
the  posterior  filaments  destroys  its  $en$ati(m*  Now  there  is 
some  grounds  for  supposing  that  the  anterior  part  of  the  column 
is  more  directly  connected  witli  the  cerebrum,  and  the  posterior 
with  the  cerebellum;  and  hence  it  is  conjectured  that  these  two 
parts  are  respectively  the  more  immediate  seats  of  the  two 
faculties.  For  the  most  part,  the  organs  of  sense  receive  their 
nerves  from  the  brain ;  and  the  muscles  from  the  spinal  mar- 
row, while  the  viscera  are  generally  supplied  with  nerves  from 
the  ganglions  or  the  plexus.  Those  latter  are  connected  with 
each  other,  and  with  other  parts  of  the  body  in  a  variety  of 
ways,  so  as  to  insure  a  communication  with  all  parts  of  the 
body. 

Mr.  C.  Bell  also  arranges  all  the  nerves  into  two  classes : — 
to  the  first  of  these  he  gives  the  title  of  symmetrical  or  original ; 
and  to  the  second  of  irregular  or  superadded.  The  first  set  con- 
sists of  the  Jifth  pair  and  all  the  spinal  nerves  :  they  resemble 
eacb  other  in  the  mode  of  their  origin,  and  in  the  circumstance 
of  their  passing  laterally  to  the  two  halves  of  the  body,  the  two 
sides  having  no  connexion  with  each  other ;  and  they  are  dis- 
tributed to  all  the  voluntary  muscles. — ^The  second  set^  which 
arise  principally  from  the  medulla  oblongata,  or  the  parts  con- 
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tiguous  to  it,  proceed  in  a  very  irregular  maimer  to  all  the 
organs  which  are  concerned  either  directly  or  indirectly  in  the 
fdnctions  of  respiration :  hence  they  may  be  called  the  respira- 
tory  nerves.  They  pass  from  one  organ  to  another  in  the  most 
irregular  manner,  connecting  them  together,  crossing  the  syni- 
<  metrical  nerves,  and  uniting  the  two  halves  of  the  body.  Hie 
parts  to  which  they  are  distributed,  are  not  under  the  control 
of  the  will,  and  they  appear  to  be  prindpally  concerned  in  what 
may  be  styled  simple  nervous  action,  that  is,  in  transmitting 
the  nervous  influence  from  one  part  to  another,  without  exciting 
perceptions.  A  third  set  are  the  intellectual,  differing  from  the 
above  two,  and  are  different  in  different  animals. 
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Animal  Economy. 


1.  Animal  Temperature.  2.  The  Production  of  Animal  Heat.  3.  Vital 
Air  and  Food.  4,  Nutrition  and  Motion.  5.  The  Detergent  Ststem. 
6.  Efpbcts  op  the  Electricity  op  the  Earth  and  Atmosphere  upon 
THE  Animal  Economy.  7.  Theory  op  Physic.  8.  The  Senses.  9.  The 
Will.    10.  Conclusion. 


1.   ANIMAL  TEMPERATURE. 

Haying  explained  the  superstmctare  of  the  human  frame, 
and  the  adaptation  of  varions  organs  to  perform  certain  opera- 
tions in  the  animal  economy,  it  now  remains  for  us  to  shew  how 
the  whole  are  pat  in  motion,  so  as  to  discharge  the  functions  of 
life ;  and  in  this  case,  also,  we  shall  find  the  same  principles 
actuating  the  animal  machine,  which  pervade  and  move  the 
whole  frame  of  Nature.  Chemical  affinity,  or  the  electric 
energies  are  here  likewise  the  cause  of  all  motion,  but  it  is  a 
secondary  one;  and  however  inexplicable  their  laws  in  some  in- 
stances may  be,  owing  to  their  being  under  the  unknown  prin- 
ciple called  Life,  and  that  still  more  intangible  one,  Scful;  yet, 
we  can  demonstrate,  that  as  matter  is  the  vehicle  of  electricity, 
so  electricity  is  the  vehicle  of  life  and  will;  and  perhaps,  also, 
the  residence  of  the  soul. 

How  necessary  heat  is  to  the  animal  system  is  evident, 
from  the  body,  as  soon  as  death  has  taken  possession  becoming 
cold;  and  the  effects  of  heat  in  some  other  cases  of  animaliza- 
tion,  particularly  that  of  hatching  eggs,  might  be  advanced  as 
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proofs  that  life  depends  on  a  proper  supply  of  it  This  sapply 
is  obtained  from  a  combination  of  oxygen  gas,  imbibed  by  the 
longs,  uniting  with  the  hydrogen  and  carbon  of  the  food  taken 
in  by  the  stomach.  The  quantity  of  caloric  thus  produced  in 
twelve  hours,  in  a  healthy  person,  has  been  calculated  to  be 
equal,  to  what  would  be  required  to  melt  100  lbs.  of  ice.  Now 
this  heat  is  continually  radiating  from  the  body  as  fast  as  it  is 
generated.  The  corporeal  materials,  indeed  retain  it  so  long  as 
to  produce  a  certain  temperature;  but  when  the  calorific  pro- 
cess is  accelerated,  the  heat  radiates  more  rapidly:  the  bodily 
temperature  continuing  very  near  the  same.  This  temperature 
is  about  96  or  98  degrees.  In  the  coldest  climates  it  scarcely 
ever  descends  below  95;  and  in  the  hottest  is  never  above  100: 
though  in  a  fever  it  is  sometimes  as  high  as  104  or  105  degrees. 

The  different  sensations  of  cold  and  heat  that  we  feel  depend 
principally  on  the  temperature  of  the  atmosphere.  In  hot  cli- 
mates the  atmospheric  temperature,  is  sometimes  equal  to  <^ 
above  that  of  the  blood ;  and,  of  course,  the  radiation  of  heat 
must  be  very  slow,  and  the  body  oppressed.  On  the  contrary 
the  atmospheric  temperature  in  cold  climates  is  such,  that  were 
we  not  defended  from  the  cold,  or  rather  were  we  not  by 
clothing  to  prevent  the  too  great  radiation  of  heat,  it  would 
escape  faster  than  it  is  generated  in  the  body,  and  the  vital 
spark  would  be  extinguished.  In  this  is  a  wonderful  provision 
of  Nature  :  man  being  endowed  with  reason  can  protect  himself 
against  the  cold«  or  can  produce  heat  by  other  means  than  by 
the  natural  process  in  his  body.  He  has  not  the  same  means  of 
producing  cold ;  and  therefore  is  provided,  independently  of 
his  own  exertion,  with  an  evaporating  fluid ;  so  that  his  body, 
when  it  would  be  at  a  temperature  uncongenial  with  life,  is 
relieved  by  perspiration,  which  is  always  in  proportion  to  the 
caloric  generated.  A  person  in  a  fever  does  not  perspire, 
which  is  the  cause  of  the  excessive  heat. 

All  animals  have  a  circulation  of  blood,  and  live  by  imbibing 
oxygen  gas ;  though  all  have  not  a  heart  and  lungs  :  so  that  in 
some,  the  quantity  of  oxygen  consumed,  is  so  little  that  it  does 
not  even  colour  the  blood ;  their  flesh  is  consequently  white, 
and  their  temperature  is  little  above  the  medium  in  which  they 
exist — they  are  on  this  account  distinguished  by  the  term 
**  cold  blooded  animals."  Among  these  are  most  of  the  fish 
tribes ;  certain  amphibious  animals,  and  many  reptiles  that  live 
principally  in  holes  of  the  earth.     That  fish  live  by  imbibiBg 
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oxygeD,  which  they  extract  from  the  air  contained  in  the  water, 
18  easily  proved ;  for,  if  a  fish  is  put  into  water  that  has  been 
boiled,  or  has  had  the  air  expelled  by  heat,  it  is  immediately 
suffocated.  The  satne  is  equally  the  case  if  it  be  enclosed  in  a 
vessel  of  water  that  has  not  a  tree  access  of  air,  as  in  a  well 
corked  bottle ;  for  as  soon  as  the  air  of  the  water  is  exhausted 
the  fish  dies.  They  have  also  the  means  of  decomposing  both 
air  and  water.  A  fish  was  kept  in  a  vessel  of  distilled  water 
for  three  years;  and  fed  all  that  time  with  distilled  water,  when 
it  at  last  grew  too  large  for  the  vessel. 

Cold  blooded  animals  are  capable  of  enduring  a  much  lower 
temperature  than  the  warm  blooded.  Even  a  frog,  whose  blood 
contains  a  considerable  quantity  of  red  particles,  has  been 
irosen  till  it  chipped  like  ice,  and  yet  by  careful  thawing  was 
restored  to  life.  Whales  are  hot  blooded  animals,  having  nos- 
trils or  blow  holes,  and  come  to  the  surface  at  stated  intervals, 
when  they  first  expire  a  large  quantity  of  carbonic  acid,  aqueous 
vapour,  and  the  refuse  nitrogen  gas;  and  then  inspire  a  store 
of  atmospheric  air,  with  which  they  descend  to  the  bottom  of 
the  ocean,  till  all  the  oxygen  gas  is  exhausted,  when  they 
again  ascend  for  a  fresh  supply.  Birds  in  proportion  consume 
more  oxygen  gas  than  man;  and  they  have  dierefore  a  much 
higher  temperature,  which  is  103  or  104  degrees.  The  temper- 
ature of  aU  animals  is  in  proportion  to  the  air  which  they 
breathe;  and  the  greater  the  proportional  quantity  of  air 
breathed,  the  greater  is  their  muscular  strength. 

2.  PRODUCTION  OP  ANIMAL  HEAT. 

.  Tub  economy  of  animal  heat  is  somewhat  similar  to  that  of 
vegetable  heat;  though  the  immediate  sources  are  very  different 
In  the  latter,  the  sun  and  atmosphere  furnish  the  positive  elec- 
tric fluid,  and  the  earth  the  negative  ;  so  that  the  operation  of 
the  plant  is  that  of  replacing  the  electric  fluids  in  the  respective 
elements  : — but  in  the  former,  the  electric  fluids  are  separated 
from  their  respective  elements ;  the  brain  some  how  or  other 
becomes  charged  with  the  positive  fluid  from  the  carbon  and 
hydrogen  taken  in  as  food  by  the  stomach,  while  the  blood  is 
charged  with  the  negative  contained  in  the  oxygen  imbibed  by 
the  lungs.  The  brain  branches  off  in  nerves  over  all  the  body, 
and  these  ramifications  become  so  attenuated  that  not  a  particle 
of  matter  exists  in  the  body  which  is  not  in  contact,  either  with 
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^  large  branch  or  some  of  the  network  of  the  nerves: — in  like 
manner  the  arterial  blood  loses  itself  in  millions  of  inTisibly 
small  tubes  called  nutrients  ;  and  as  the  oxygen  imbibed  by  tiie 
lungs  is  earned  along  with  it  by  means  of  the  red  or  colouring 
particles  with  which  it  unites,  as  is  also  the  chyle  recently 
taken  in  by  the  food  ;  the  blood  is  in  these  nutrients  met  by  the 
positive  electricity  of  the  nerves,  and  here  is  the  animalisatioB 
carried  on.  l^y  the  inscrutable  laws  of  life,  the  worn  or  other- 
wise injured  parts  are  repaired  with  the  new  materials ;  the 
absorbents  take  away  the  efiete  or  refuse  particles,  and  the 
small  veins  gather  up  the  blood  :  but  as  a  continual  combostioB 
is  going  on  by  the  union  of  the  carbon  and  hydrogen  with  the 
oxygen  of  the  blood,  that  expends  a  great  deal  of  this,  indepen* 
dent  of  that  which  goes  to  repair  and  increase  the  framo^  so  a 
proportional  quantity  of  carbonic  acid  and  water  is  also  pro* 
duced  which  is  taken  away  with  the  blood.  Therefore  when 
the  blood  comes  to  the  lungs  again,  carbonic  acid  and  aqaeons 
vapour  are  given  out,  but  principally  the  former;  the  latter  be- 
ing mostly  secreted  by  the  glands  which  it  passes  through  before 
it  reaches  the  lungs. 

When  the  blood  has  taken  in  the  supply  of  oxygen  ia  the 
lungs,  its  colour  is  a  bright  red ;  and  the  arteries  along  which 
it  is  convoyed  are  a  lively  pink.  But  when  by  ignition  it  has 
parted  with  the  oxygen,  and  is  taken  up  by  the  veins,  it  is 
reduced  to.  a  dark  bluish  red,  wbich  is  the  cause  of  the  blue 
colour  observed  in  the  veins.  Venous  blood  when  exposed  U> 
the  air,  imbibes  oxygen :  its  surface  assuming  a  bright  red 
pink.  Should  a  little  be  put  in  a  bottle  and  closely  corked,  the 
same  effect  will  ensue ;  and  the  air  in  the  remaining  part  of  the 
bottle,  when  examined  will  be  found  to  haie  lost  its  oxygen. 
But  since  the  oxygen  cannot  combine  with  the  red  particles  of 
the  blood  without  some  caloric  being  produced,  it  has  been 
ascertained  that  by  this  means  the  arterial  blood  attains  one 
degree  of  temperature.  Carbonic  acid  has  a  much  less  oapa- 
eity  for  caloric  than  the  other  materials  of  the  blood;  and 
nitrogen  gas  has  even  less  than  ice  itself ;— -a  wonderful  ooBtri- 
vance  for  preventing  the  dissipation  of  vital  heat  by  respiratioB. 

How  the  brain  is  .supplied  with  positive  electricity  is  not  yet 
clearly  demonstrated,  but  from  the  great  sympathy  existing  be- 
tween it  and  the  stomach,  it  seems  to  have  its  supply  from  As 
digesting  food.  Several  arguments  might  be  advanced  in  snp- 
port  of  this  hypothesis,  particularly  the  rapidify  with  wkkk 
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alcohol,  or  the  still  more  inflammable  fluid,  ether,  when  taken 
into  the  stomach,  affects  the  brain.  It  is  well  known  that  these 
are  the  most  inflammable  of  all  substances,  that  usually  enter 
into  the  stomach,  being  carbon  and  hydrogen,  in  which  the 
combustion  may  be  said  to  be  commenced  by  the  small  quantity 
of  oxygen  with  which  they  are  in  alcohol  and  ether  combined. 
Oor  induction  is,  that  as  the  food,  or  at  least  the  nourishing  part 
of  it,  is  chiefly  carbon  and  hydrogen,  when  operated  on  by  the 
gastric  juice,  it  parts  with  some  of  the  positive  fluid  which 
ascends  to  the  brain  along  the  vast  ramifications  of  nerves  that 
embrace  and  perforate  the  coats  of  the  stomach.  Hence  that 
rapid  action  of  the  gutric  juice^  sometimes  called  the  chemical 
wonder ;  and  that  languor  or  lowness  of  spirits  which  is  felt 
when  the  stomach  has  been  any  length  of  time  empty;  also  that 
revivification  on  taking  a  little  food,  or  more  quickly  so  on 
taking  a  glass  of  cordials,  which  in  all  cases  owe  their  virtue  to 
the  presence  of  alcohol*  This  enlivening  efi^ect  is  found  long 
before  such  substance  can  be  assimilated,  or  conveyed  by  the 
lacteala  into  the  blood. 

The  gastric  juice,  bj  reason  of  the  impossibility  of  taking  it 
from  thei  stomach  unblended  with  other  substances,  has  never 
been  analyzed.  However  it  has  been  ascertained,  that 'in 
animals  feeding  on  grass  it  is  slightly  alkaline ;  in  animals  of 
prey,  it  is  slightly  acid ;  but  in  man  when  healthy,  it  is  neither. 
The  saliva,  whose  composition  we  have  already  stated,  in  its 
sensible  properties  differs  nothhig  from  the  gastric  juice,  and 
being  well  mixed  with  the  food  in  the  process  of  mastication, 
greatly  facilitates  digestion,  probably  by  bringing  the  gastric 
juice  into  more  immediate  contact  with  the  elementary  particles 
of  the  food.  Now  the  gastric  juice  does  not  blend  promiscu-^ 
ously  with  the  food  in  the  stomach  as  we  must  suppose  the 
saliva  doesi  but  only  performs  its  wonderful  office  by  being  in 
immediate  contact  with  the  nerves  and  the  very  external 
elementary  particles  of  the  food :  for  only  a  very  thin  coat  of 
food  next  the  lining  of  the  stomach  is  digested  ;  which  is  then 
pushed  forward  and  another  coat  is  presented,  which  in  its 
tarn  is  also  pushed  forward.  In  examining  the  stomachs  of 
animals  that  have  recently  taken  food,  the  new  food  is  never 
mixed  widi  the  old,  but  forms  as  it  were  a  central  part,  so  that 
it  may  be  withdrawn  from  the  centre  leaving  the  old  as  lining 
ronnd  the  internal  part  of  the  stomach.  The  stomach  is  also 
incapable  of  digesting  food  diluted  with  too  much  water,  whe- 
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ther  that  water  forms  the  basis  of  soaps,  ale,  wine,  or  any  other 
beverage,  which  most  all  be  remoTed  before  the  digestion  pro- 
ceeds, so  that  the  digested  food  always  passes  ont  of  the  stomach 
with  the  consistency  of  a  thick  paste,  whatever  the  quantity  of 
drink  taken.  Now  as  the  gastric  jnice  when  taken  ont  of  the 
stomach  is  as  inert  as  the  saliva  itself;  its  peculiar  energy  must 
be  owing  to  life,  or  rather  to  the  attraction  of  the  nerves  for  the 
electric  fluid. 

Bat  though  the  saliva  is  thus  inert  when  taken  from  the 
month,  or  merely  as  it  remains  mixed  with  the  food  in  it ;  yet, 
we  are  not  assured  that  it  is  altogether  destitute  of  all  the  dis- 
solving properties  of  the  gastric  juice;  it  seems  to  be  the  assist- 
ing medium  of  taste.  The  seat  of  taste  is  centred  in  the 
tongue;  but  rub  the  tongue  dry,  and  place  a  moist  substance 
upon  it;  and  we  shall  have  a  feeling,  but  a  very  imperfect  sense 
of  taste.  Indeed,  were  it  carefully  examined  it  might  perhajM  be 
found,  that  when  there  has  been  the  sensation  called  taste,  there 
has  been  the  intervention  of  saliva.  The  internal  chords  of  the 
nerves  are  always  moist;  and  it  is  here  supposed  that  the  oflBce 
of  the  saliva  is  to  increase  the  moisture  by  forming  a  commani- 
cation  between  the  electric  energies  of  the  substance  tasted,  a»l 
the  nerve,  and  consequently  with  the  brain :  and  we  suppose 
the  gastric  juice  to  form  a  similar  office;  viz.  by  its  agency  or 
intervention,  the  inherent  positive  fluid  of  the  food  is  drawn  off 
to  supply  the  brain.  Should  this  be  the  case,  which  seems  not 
Tory  improbable,  then  this  chemical  wonder  of  the  gastric  juice 
will  be  done  away,  or  will  rather  be  transferred  to  the  nerves, 
since  it  is  only  a  continuation  of  the  electric  chain,  or  forms  a 
conductor  between  the  inherent  electric  fluid  of  the  food  and 
the  nerves:  blending  with  the  external  elementary  particles  of 
the  food,  and  touching  the  moisture  of  the  nerves,  that  conomiu- 
nicate  with  the  brain  and  by  sympathy  with  the  whole  body. 
'When  these  nerves  directly  communicating  with  the  stomach 
are  divided  or  cut,  the  digestion  ceases,  or  the  gastric  juice  is 
no  longer  liberated. 

A  further  proof  that  the  brain  is  concerned  in  the  productioa 
of  heat,  is,  that  if  the  principal  nerve,  which  supplies  a  limb,  be 
cut  or  compressed,  that  liiaib  becomes  cold,  and  the  blood 
retains  its  oxygen  after  it  has  circulated  through  the  limb  jost 
as  when  it  flowed  along  the  arteries.  The  limb  becomes  equally 
cold  when  an  artery  is  stopped.  Many  cruel  experiments  have 
been  tried  on  animals^  to  prove  whether  the  action  of  the  heart 
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and  lungs  depends  on  the  energies  of  the  brain.  When  the 
head  is  totally  severed  they  immediately  cease;  bat  by  an 
artificial  motion  of  the  langs^  the  motion  of  the  heart  will  con- 
tinue for  some  time ;  however  it  has  been  duly  ascertained  that, 
in  this  case,  no  heat  is  evolved.  As  the  nerves  are  all  connected 
with  each  other  independently  of  the  braiu,  so  when  the  pith  is 
severed  at  the  neok,  the  communications  being  formed  by  the 
nine  pairs  that  proceed  immediately  from  the  brain  or  medulla 
oblongata,  various  appearances  take  place  in  the  body  of  the 
animal :  hence  no  two  experimentalists  have  exactly  agreed  in 
their  results,  and  such  experiments  have  therefore,  been  un- 
satisfactory. 

Owing  to  this  great  sympathy  existing  in  the  nervous  system, 
some  compounds  afiect  the  brain  almost  miraculously.  The 
essential  oil  of  bitter  i^lmonds,  cf  laurel  and  tobacco  applied  to 
any  part  where  they  can  come  immediately  upon  the  nerves, 
as  upon  the  tongue,  cause  instant  death.  Even  a  concentrated 
infusion  of  tobacco  injected  into  the  rectum  will  cause  syncope. 
These  act  therefore  without  their  coming  into  the  circulation, 
and  prove  the  electric  nature  of  the  nerves,  in  like  manner 
these  substances  have  the  property  of  stopping  fermentation,  so 
that  their  effect  as  well  as  that  of  all  other  poisonous  vegetable 
substances,  when  taken  into  the  stomach  is  evidently  that  of 
causing  an  immediate  cessation  of  the  liberation,  transmission 
and  combination  of  the  electric  fluids.  Some  of  the  poisonous 
animal  and  mineral  substances  appear  to  cause  a  decomposition 
of  the  blood,  and  must  therefore  enter  the  circulation ;  even 
atmospheric  air  seems  to  have  the  same  effect,  for  a  small  quan- 
tity ejected  into  the  jugular  vein  of  a  dog  or  horse  will  almost 
immediately  kill  him.  Some  of  the  oxides  perhaps  owe  their 
deadly  eflScacy  to  their  decomposition,  when  the  oxygen  merely 
quits  its  base  to  combine  with  the  carbon  and  hydrogen  of  the 
animal  fibre. 

As  both  arteries  and  nerves  terminate  at  the  skin,  electricity 
is  often,  especially  when  the  clothes  worn  are  suitable  conduc- 
tors, exhibited  around  the  human  body.  Any  one  putting  off 
silk  stockings  in  the  dark  will  be  sensible  of  this,  especially  if 
he  should  wear  a  pair  of  black  ones  over  a  pair  of  white,  for 
they  will  adhere  together ;  and  if  suddenly  drawn  off  the  leg 
or  pulled  asunder,  there  will  be  flashes  of  light  Several 
animals  as  the  cat  or  horse,  when  smartly  rubbed  in  the  dark, 
will  emit  sparks :  and  some  people,  as  mentioned  in  the  Ency- 
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clopedia  Metropolitana,  have  been  endowed  with  this  very 
peculiar  property  to  a  wonderful  degree.     Certain  fish,  aa  the 
torpedo,  the  gymnotos,  and  silurus  electricns*  are  endaed  by 
nature  with  the  voluntary  power  of  exciting  electricity.  Should 
a   person  touch  the  back  and  belly  of  the  torpedo  with  each 
hand  at  the  same  time,  he  will  feel  a  very  benumbing  shock, 
but  more  so  should  the   fish   be    touched   with  the  finger  and 
thumb  of  the  same  hand ;  and  the  shock  is   four  times  stronger 
when  the  experiment  is  made  in  the  air  than  in  the  water.     The 
gvmnotus  electricus  is  peculiar  to  Surinam  :  it  is  sometimes 
upwards  of  twenty  feet  in  length,  and  its  shock  is  often  instan- 
taneously fatal.     These  fish  are  furnished  with  a  distinct  set  of 
organs  for  the  liberation  of  the  electric  fluids ;  and  have  a  much 
greater  proportion  of  nerves  principally  connected  with  the 
electric  apparatus,  than  any  other  animal.    The  apparatos  is 
double:   one  ranging  down  each  side  of  the  fish;  and  the 
nerves  on  each  side  consist  of  three  branches,  proceeding  from 
the  hinder  part  of  the  brain.    The  arteries  pass  immedialelj 
from  the  lungs  to  the  electric  organs,  the  main  trunk  accooi* 
panying  the  main  branch  of  the  nerve,  and  the  blood  thence 
returns  by  veins  to  the  auricle  of  the  heart :  the  ramifications  of 
the  nerves  and  arteries  are  curiously  radiated  for  the  relention 
of  the  charge.    The  least  injury  done  to  the  brain  of  the  torpedo 
destroys  its  power  of  giving  shocks ;  and  it  is  said  that  a  person 
does  not  suffer  from  its  shock  if  he  holds  his  breath. 

3.   VITAL  AIR  AND  FOOD. 

The  capability  of  the  blood  for  conveying  the  negative  fluid 
or  oxygen  depends  upon  the  red  particles  which  it  contains; 
but  the  quantity  of  these  varies  in  different  persons,  and  at 
different  times  in  the  same  person.  When  they  are  compara* 
tively  few  and  the  blood  is  pale,  the  temperature  is  low  and  the 
muscular  exertion  is  feeble  ;  but  in  men  of  robust  constitutions, 
the  xed  particles  abound,  the  quantity  of  oxygen  consumed  is 
great,  the  fire  in  the  frakne  is  proportional,  and  such  men 
scarcely  know  their  own  strength.  But  as  animal  heat  altoge- 
ther depends  upon  the  supply  of  the  negative  fluid  taken  in  by 
the  lungs,  being  balanced  by  the  positive  taken  in  by  the  food, 
it  is  evident  that  this  balance  must  be  considerably  affected  by 
the  Quantity  and  quality  of  the  food. 

Now  food^  by  which  is  meant  such  «nhstanc€S  taken 'into  the 
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stomaeh  as  principally  consist  of  the  elements  fonnd  in  the 
animal  system,  and  these  slightly  combined  with  oxygen,  is  of 
rarious  kinds;  but  may  generally  be  arranged  under  three 
di?bions,  viz.  the  heating,  the  nutritive,  and  the  cooling. 
Under  the  first  will  be  ranged  animal  food,  and  all  drinks  con- 
taining alcohol:  being  such  as  contain  either  the  smallest 
quantity  of  oxygen,  or  have  already  been  subject  to  the  process 
of  animalization.  The  second  will  include  the  vegetable  sub- 
stances gluten,  starch  and  mucilage;  and  the  cooling  will  con- 
sist of  saccharine  matter,  or  the  pulp  of  fruits  or  watery 
vegetables. 

Of  the  animal  substances,  (i  brine,  gelatine,  and  albumen, 
there  is  no  striking  difference  in  their  composition ;  only  fibrine 
contains  the  least  oxygen,  and  may  be  converted  by  more  oxy- 
gen or  by  being  digested  by  sulphuric  acid,  either  into  gelatine 
or  what  very  much  resembles  it;  and  albumen  when  once 
coagulated  is  insoluable,  so  that  it  might  be  concluded  from  this, 
as  is  proved  by  experiments  on  the  white  of  eggs,  that  it  is  not 
very  nutritious.  But  here  we  have  the  intervention  of  another 
simple  substance,  viz.  nitrogen.  Wo  have  already  stated,  that 
nitrogen  "is  considered  as  the  element  which  nature  employs  in 
converting  vegetable  into  animal  substances."  Now  nitrogen 
is  scarcely  any  where  found  in  vegetable  substances  except  in 
gluten,  which  is  small  in  proportional  quantity  to  starch,  muci- 
lage, and  saccharine  matter;  and  is  not  found  at  all  in  some 
herbs  on  which  animals  are  entirely  fed  whose  flesh  contains 
the  usual  quantity  of  it;  in  such  animals  therefore  it  must 
either  be  formed  in  the  animalization,  or  be  obtained  from  the 
atmosphere  and  combined  with  the  carbon,  hydrogen,  and 
oxygen  in  that  process.  However  this  may  be,  to  its  presence 
in  animal  food,  is  owing  its  highly  nutritious  or  heating  quality ; 
for  being  already  assimilated,  it  is  ready  to  be  deposited  in  the 
living  fibre. 

The  second  kind  of  food  is  the  nutritive,  not  that  it  is  more 
BO  than  the  first,  but  because  it  is  less  heating.  Now  gluten, 
as  taken  in  different  plants,  we  have  already  stated,  almost 
graduates  Into  gelatine;  it  therefore  belongs  as  much  to  the 
first  as  to  the  second  kind  of  food;  consequently  starch, 
mucilage,  and  what  is  nourishing  in  saccharine  matter  are  pro- 
perly included  in  this  kind.  These  contain  no  nitrogen ;  bnt  as 
animals,  even  man  can  live  upon  them ;  and  attain  though  not 
to  the  first  class,  yet  to  a  certain  degree  of  muscular  strengthi 


Digitized  by  VjOOQIC 


606  ANIMAL  ECONOMY. 

nitrogen  most  in  tbe  animalisation  be  formed  from  or  condiined 
with  the  other  elements.  Now,  thoogh  a  man  may  not  attain 
that  vigour  of  body,  by  feeding  wholly  on  these,  that  he  will  when 
combining  with  them  a  certain  portion  of  the  animal  snbstancea 
fibrine,  gelatine,  and  albumen  ;  yet,  he  would  in  all  probabilitj 
attain  greater  longevity  by  feeding  on  the  three  Tcgetable  sab- 
stances  alone,  than  by  feeding  on  the  three  animal  sabstances 
alone.  It  seems  very  clear,  both  from  analogy  and  obserra- 
tion,  that  the  living  animal  fibre,  formed  from  animal  food,  is 
more  apt,  having  undergone  the  process  of  animalixation  twice, 
than  that  which  is  formed  from  vegetable  food,  which  has  only 
once  been  animalized,  to  run  into  putrescency.  In  short  the 
one  may  be  considered  as  new,  the  other  as  old.  Hence,  vege- 
table food  is  more  conducive  to  health  than  animal  food ;  but 
animal  food  is  the  source  of  strength,  when  great  muscnlar  exer- 
tion is  required.  Vegetable  food  may  be  called  the  proper 
food  of  inactivity,  while  animal  food  is  that  of  exertion.-  a  doe 
mixture  of  both  is  therefore  to  be  aimed  at  by  those  who  would 
combine  a  certain  portion  of  activity  with  health  and  strength. 

The  fat  of  animals,  or  oil  whether  animal  or  vegetable,  when 
pure,  contains  neither  nitrggen  nor  oxygen ;  and  on  it  when 
alone  the  gastric  juice  seems  to.  have  no  effect,  for  the  stomaeb 
immediately  ejects  it  either  upwards  or  downwards  without 
digestion ;  so  that  it  appears  a  little  oxjgen  under  some  form  or 
other  is  necessary  as  an  auxiliary  to  the  gastric  juice.  But 
oxygen  is  charged  with  the  negative  electric  fluid,  and  does  not 
combine  with  the  positive  elements  without  their  evolving  some 
of  their  inherent  charge  :  such  food  therefore  as  contains  much 
oxygen,  will  supply  but  little  positive  fluid  to  the  brain,  not  only 
because  it  contains  less,  but  also  because  the  oxygen  retains 
some,  or  has  a  contrary  effect;  the  fire  in  the  frame  will  there- 
fore be  considerably  less,  and  such  food  must  be  comparatively 
cooling.  In  this  kind  of  food  we  place  the  pulp  or  pericarp  of 
fruit,  and  certain  other  juicy  vegetable  substances,  as  well  as 
sugar, — all  containing  a  large  portion  of  oxygen.  Such  food 
evolving  little  heat  is  consequently  eagerly  sought  after  in  warm 
climates ;  and  here  the  Creator,  ever  mindful  of  the  wants  of 
his  creatures,  has  bestowed  them  with  an  unsparing  hand. 

Highly  acidified  substances  must  have  a  very  peculiar  effect 
when  taken  into  the  stomach.  Should  the  oxygen  be  above  41 
certain  concentration,  it  must  even  attack  the. gastric  jniee 
itself,  and  exhaust  the  nerves:    hence  the  deadly  effisct  of 
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Malic  fteid  when  taken  in  large  ifnantiUeSy  although  its  bases 
are  carbon  and  hydrogen.  Vinegar  also  sometimes  taken  to 
preTent  corpnlency  must  do  it  at  the  expence  of  the  constita-' 
tion^  for  it  most  not  only  injure  the  gastric  juice,  but  deteriorate 
the  whole  mass  of  blood.  However  to  some  people  who  eat 
rather  for  amusement  than  to  support  nature,  vinegar  may  be 
of  essential  service:  it  occauons  less  electricity  to  ascend  to 
the  brain ;  consequently  eases  the  head  of  the  stupidifying  dul- 
nessy  and  often  acute  pain  attending  overcharged  nerves ;  and 
with  very  fat  aliments,  as  pork,  it  greatly  assists  the  gastric 
juice  to  perform  its  office  in  reducing  to  chyme  what  the  stomach 
would  otherwise  eject  undigested ;  so  that,  in  moderate  quan- 
tity, as  in  the  state  of  pickliss,  vinegar  is  no  enemy  eit&er  to 
repletion  or  digestion ;  and  a  good  draught  of  it  is  accounted 
the  best  antidote  against  an  overdose  of  aloohoi.  Gould  die 
gastric  juice  have  digested  oil  as  rapidly  as  it  does  alcohol,  not 
only  man  but  carnivorous  animals  might  have  been  subject  to 
oontinmal  intoxication :  that  it  is  not  so,  is  a  wise  precaution  of 
nature. 

Water  is  a  neutral  substance  in  animalization,  its  elements 
having  parted  with  the  chief  of  their  electric  fluids;  and  though 
fish  seem  to  have  the  power  of  decomposing  it,  yet  in  the 
human  system  it  must  be  considered  as  acting  more  by  way  of 
menstruum,  than  as  of  itself  imparting  heat  All  the  fluids  and 
seeretions  contain  a  considerable  quantity,  sometimes  more 
than  90  per  cent  of  water,  so  that  it  seems  to  perform  the  same 
office  in  the  whole  frame  that  the  gastric  juice  performs  in  the 
stomach;  viz.  it  is  the  universal  solvent,  and  maintains  the 
continuity  between  the  inherent  electric  fluids  of  each  secretion 
and  the  nerves.  Hence  it  is  absolutely  necessary  in  the  animal 
economy,  although  it  passes  throagh  the  System  undecomposed. 

As  food  is  diminished  in  strength  by  its  union  with  oxygen 
or  acids,  so  is  the  power  of  vital  air  destroyed  by  its  combina- 
tion with  hydrogen  and  carbon  ;  that  is  the  air  we  breathe  is  so 
much  the  inferior  by  bow  much  the  more  vapour  and  carbonic 
acid  it  contains.  In  large  cities  where  much  of  this  gas  is 
generated,  the  air  is  in  warm  weather  much  contaminated  with 
it  For  being  heavier  than  atmospheric  air,  it  abounds  the 
most  near  the  surface  of  the  earth ;  and,  of  course,  occupies 
cellars,  dungeons,  and  such  like  places.  The  inhabitants  there- 
fore of  such  situations  can  only  have  a  scanty  supply  of  pure 
vital  air,  and  their  blood  must  be  in  proportion  destitute  of 
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oxygen,  hence  their  pale  risages  and  ghastly  appearance.  For 
the  same  reason  a  town  standing  on  the  banks  of  a  riTer  m^ 
be  more  favourable  to  health  than  one  differently  sitnatcd,  since 
the  carbonic  acid  will  seek  the  surface  of  the  water  as  being  the 
lowest  ievel,  and  it  will  thus  glide  away  with  the  current*  And 
as  vegetables  renovate  the  vital  principles  of  the  air,  the  supe- 
rior salubrity  of  rural  situations  is  very  evident ;  as  well  as  the 
utility  to  those,  whose  circumstances  will  allow,  of  retiring  at 
the  approach  of  night  from  the  effete  air  of  crowded  cities,  to 
the  vivifying  atmosphere  of  their  country  residence. 

4.   NUTRITION  AND  MOTION. 

Though  we  have  hitherto  spoken  of  the  blood  as  a  mere 
heterogeneous  mass  of  fluid,  yet  it  is  not  destitute  of  a  kind  of 
organization.  This  consists  of  small  cylindrical  red  globules, 
with  colourless  centres.  In  mammalia  these  globules  are  sphe- 
rical, in  birds  they  are  elliptical,  and  vary  only  in  the  length  of 
the  greater  axis.  The  colourless  globule  which  exists  in  the 
centre  has  the  constant  diameter  of  ^^j^  part  of  an  inch  in  all 
animals,  and  whatever  be  the  form  of  the  globule  that  contains 
it.  The  diameter  of  the  globule  in  man  is  ^^^  of  an  indi 
in  most  other  animals  it  is  less.  The  globules  may  be  con- 
sidered as  in  the  form  of  small  perforated  beads ;  and  they 
float  in  the  arteries  parallel  with  the  axis  of  perforation.  When 
a  wounded  part  is  to  be  repaired,  a  globule  comes  to  the  sur- 
face of  the  sound  part,  and  arranges  itself  at  the  end  of  the 
nutrient,  and  there  extends  its  internal  diameter  and  deposits 
its  matter,  thus  lengthening  the  small  tube  of  the  nutrient; 
another  globule  comes  inside  of  that,  and  is  deposited  in  like 
manner,  till  the  part  is  rebuilt : — so  far  has  the  process  of  ani- 
malization  been  discovered.  In  the  smallest  of  the  nutrients, 
only  the  internal  colourless  globule  can  pass,  so  that  these 
vessels  contain  blood  without  red  particles. 

But  when  more  carbon  and  hydrogen  enters  the  blood  by  the 
agency  of  the  stomach  and  lacteals  than  can  be  converted  by 
their  combination  with  nitrogen  and  oxygen  into  the  animal 
substances  fibrine,  gelatine,  and  albumen,  they  are  thrown  aside 
by  the  blood  into  comers,  being  deposited  as  oil  in  the  adipose 
membrane.  Again,  when  the  stomach  is  not  supplied  with  food, 
this  oil  is  taken  up  by  the  absorbents  and  poured  into  the  blood, 
when  it  answers  the  same  purpose  as  chyle  or  food :  fat  is 
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therefore  so  miicb  food  in  store.  Bears,  in  winter,  live  on  their 
grease.  They  retire  in  the  autumn  bloated  with  fat  into  their 
dens,  and  sleep  throughout  the  winter;  but  as  respiration  all  the 
while  goes  on,  there  is  an  expenditure  of  animal  substance — 
the  elements  must  combine  for  the  formation  of  caloric;  and  of 
isourse  water  and  carbonic  acid  must  be  formed  by  the  carbon 
and  hydrogen  of  the  bear's  grease  combining  with  the  oxygen 
breathed :  hence  in  the  spring  when  these  and  other  dormant 
animab  have  expended  their  store  of  oil,  they  are  roused  by 
hunger,  and  come  forth  lean  and  emaciated.  Should  they  be 
roused  by  the  exhausted  state  of  their  bodies,  before  the  winter 
is  gone,  they  frequently  perish. 

We  have  already  stated  the  hypothesis,  that  the  brain  is  sup- 
plied with  positive  fluid  from  the  digesting  food  of  the  stomach, 
and  have  also  suggested  that  life  seems  to  impose  new  laws  on 
the  electric  energies.  It  is  a  well  known  fact  that  the  lacteals 
take  up  only  such  part  of  the  food  as  is  well  digested;  the 
chyle,  then,  must  be  considered  as  a  peculiar  substance  contain- 
ing less  than  its  natural  share  of  the  positive  fluid.  We  have 
likewise  stated  that  when  the  oxygen  enters  the  blood  at  the 
lungs,  it  does  not  there  combine  with  the  carbon  and  hydrogen, 
but  only  with  the  red  particles  of  the  blood,  which  are  supposed 
to  consist  of  phosphate  of  iron,  so  that  the  formation  of  water 
and  carbonic  acid  is  in  the  nutrients  as  described  at  Sec.  2. 
Nitrogen  also  somehow  enters  the  system  either  by  immediate 
formation  or  absorption,  but  where  it  is  first  combined  with 
the  carbon,  hydrogen,  and  oxygen,  whether  in  the  stomach,  in 
the  blood  or  nutrients,  is  not  yet  discovered ;  till  this  is  ascer- 
tained, we  may  in  vain  look  for  a  satisfactory  demonstration  of 
the  process  of  digestion. 

The  nerves  act  on  the  muscles  or  put  them  in  motion  by  the 
positive  electricity  causing  them  to  contract.  This  may  be 
easily  proved  by  electrifying  the  nerve  belonging  to  the  muscle 
of  a  dead  limb ;  and  even  the  fibrine  in  the  blood  will  contract 
when  touched  with  the  positive  fluid.  A  number  of  such  con- 
tractions and  relaxations,  or  counter-contractions,  constitutes 
animal  motion.  But  a  muscle  can  neither  be  made  to  contract, 
nor  can  heat  be  produced  without  their  being  some  oxygen  to 
convey  the  negative  fluid  with  which  the  positive  of  the  nerves 
must  unite.  Consequently,  independently  of  the  fibrine  and 
gelatine  of  the  muscle  necessary  for  the  pull,  it  is  almost  as 
thickly  beset  with  red  particles  as  the  blood  itself,  and  there- 
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fore  eftoh  muscle  like  the-blood  in  tbe  huigs  miuit  hxto  Hs  i 
tiniiftl  supply  of  oxygen*  But  by  each  indiridnal  contraetMB, 
that  supply  must  be  in  some  messore  exbsasted :  hence  di» 
oontinnal  necessity  of  the  rapid  circnlation  of  the  blood,  and 
the  instantaneous  cessation  of  motion  when  the  svpply  is  cat  off 
by  tying  up  the  supplying  artery. 

Now  every  time  the  muscle  is  made  to  contract,  the  electn« 
city  of  the  nerres  cauros  a  combination  of  some  carbon  and 
hydrogen  either  of  the  blood,  or  more  probably  of  die  mnscnhr 
fibre  with  the  oxygen  of  the  red  particles,  for  carbonic  acid  aad 
water  with  a  corresponding  portion  of  caloric  are  produced* 
Though  this  combination  is  continually  going  on,  by  reason  of 
the  muscular  motion  of  the  vital  organs,  eren  when  the  body  is 
at  rest;  yet,  when  it  is  in  motion  the  combustive  proceat  ia 
much  more  rapid,  and  when  nearly  all  the  muscles  of  the  body 
are  in  violent  action  the  heat  is  found  to  be  in  proportion,  and 
the  consumption  of  oxygen  must  be  so  too.  Whence  then  is 
the  supply?  From  the  lungs:— for  we  always  find  breathing  to 
keep  pace^with  muscular  exertion.  In  violent  exertion,  such 
as  that  of  running,  a  suflBcient  quantity  of  oxygen  or  air  cannot 
be  had ;  though  the  inspirations  become  more  rapid,  and  the 
quantity  inhaled  each  time  is  double  that  taken  in  while  the 
body  is  at  rest ;  yet,  this  kind  of  exertion  is  soon  stopped  for 
Want  of  breath.  And  so  much  are  the  muscles  working  the 
lungs  exhausted,  that  when  we  stop  we  can  only  pant,  they 
having  not  a  snflScient  quantity  of  oxygen  in  the  fibres  to  pro> 
duce  a  full  stroke.  It  is  therefore  a  considerable  time  before 
the  muscles  of  the  limbs  are  recruited,  or  as  we  term  it,  before 
we  gather  strength. 

As  the  consumption  of  oxygen  is  greatly  increased  by  mus- 
cular exertion,  so  must  an  increase  in  the  quantity  of  the 
positive  fluid  be  required.  Accordingly  we  find  that  exercise 
requires  an  increase  of  the  quantity  of  food  taken  in  by  the 
stomach  :  for  if  the  supply  is  not  kept  up  here,  the  exertion  will 
cease,  the  body  will  lose  its  heat,  the  action  of  the  lungs  wiH 
diminish  less  oxygen  being  needed,  till,  finally  the  nerves  are 
exhausted,  the  lungs  cease  and  the  vital  fire  is  extinguished. 

Hence  it  it  is  evident  that  according  to  the  muscular  exertion 
must  be  the  quantity  of  the  two  electricities  to  unite;  and  that 
too  much  food  without  exercise,  or  tob  much  exercise  without 
food,  must  cause  an  injurious  superabundance  of  the  one  or  the 
other  electric  fluid. 
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Should  a  person,  whose  blood  abounds  with  red  partieles, 
and  who,  of  course,  retains  a  saperior  proportion  of  oxygen  in 
his  muscles,  take  a  large  dose  of  alcohol,  the  nerves  will  pour 
such  a  charge  of  positive  fluid  upon  the  oxygen  of  the  blood, 
that  the  delicate  vessels  will  not  be  able  to  endure  the  heat 
produced.  They  will  be  partly  decomposed,  and  what  is  termed 
an  inflammatory  fever,  may  ensue ;  or  the  blood  being  impelled 
faster  than  usual,  especially  around  the  brain  where  the  positive 
fluid  most  abounds,  will  frequently  burst  the  veins,  whose  con- 
tents, being  poured  into  the  cavity  of  the  skull,  press  upon  the 
brain  and  stop  its  electric  functions,  when  the  patient  is  carried 
off  by  an  apoplectic  fit.  But  in  less  desperate  cases,  where 
there  is  no  great  excess  of  red  particles  in  the  blood,  as  with 
the  habitual  drunkard,  the  whole  nervous  system  is  injured  by 
repeated  overcharges.  The  gAtrio  juice  is  not  so  much  needed; 
its  secretions  not  only  become  less,  but  its  glandular  organs  are 
impaired  ;  and  therefore  the  stomach  when  free  from  the  stimu- 
lation of  alcohol,  is  unable  to  perform  its  office  ;  the  nerves,  in 
consequence,  instead  of  having  more  than  enough  for  their 
purpose  have  not  a  suflliciency :  and  all  the  vessels  of  the  system 
having  become  rigid  and  contracted  by  too  much  heat,  are  only 
able  to  convey  their  fluids  when  they  have  their  accustomed 
high  temperature.  Under  such  circumstances,  the  feelings  of 
the  man  who  has  innured  himself  to  repeated  doses  of  alcohol 
must  be  horrid,  and  a  dram  the  only  relief.  But  as  the  ill 
effects  are  every  day  increasing,  he  must  every  day  have  a 
larger  dose  to  make  his  feelings  less  intolerable,  till  local 
inflammation  of  some  organ,  cuts  short  his  days. 

However,  constitutions  widely  differ.  The  nerves  of  some 
being,  as  it  were,  in  a  state  of  explosion  by  a  dose  of  alcohol ; 
while  the  developemont  of  the  electric  fluids  are  so  sluggish  in 
others,  that  the  same  quantity  serves  only  to  put  them  in  a  right 
state  of  mind.  When  it  consumes  the  one  with  an  internal  fire, 
it  but  produces  an  accumulation  of  matter  in  the  other.  Hence 
some,  with  an  excess  of  food,  will  take  a  large  quantity  of 
alcohol  also ;  which  seems  to  have  no  other  effect  than  to  hasten 
the  circulation  and  promote  the  secretions.  Such  persons  may 
continue  healthy  for  some  time,  but  as  bodily  decay  or  the 
feebleness  of  old  age  is  caused  by  a  rigidity  or  callosity  of  the 
vascular  system,  and  an  aridity  of  the  nerves,  such  stimulating 
diet  greatly  accelerates  these  events ;  and  therefore,  he  who 
indulges  in  them,  greatly  curtails  the  period  of  life.    It  is 
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remarked  of  all  Uiose  who  have  been  the  most  distUgoished  Cor 
longevity,  that  they  always  lived  chiefly  upon  food  of  the  cool- 
ing kind,  that  their  regimen  was  such  as  would  yield  a  moderate 
and  even  supply  to  the  nerves,  and  that  they  were  always 
remarkable  for  avoiding  excess. 

5.  THE  DBTBRGBNT  SYSTEM. 

As  animalization  is  carried  on  by  the  union  of  the  electric 
fluids,  and  the  combination  of  the  elementary  principles  oxygen, 
carbon,  and  hydrogen,  there  must  be  by  this  continual  ignitioa 
the  products  of  combustion ;  which  having  parted  with  certain 
definite  proportions  of  their  electric  flaids,  are  become  effete; 
such  as  carbonic  acid,  and  aqueous  vapour,  which  are  thrown 
off  by  the  lungs,  and  a  number  of  acids,  salts  and  other 
ingredients,  which  are  separated  from  the  blood  by  the  glands. 

The  liver  seems  to  be  the  great  cleanser  of  the  animal  sys- 
tem, f  jr  all  the  blood  in  its  return  from  the  lower  parts  of  the 
body  passes  through  it  in  its  way  to  the  heart.  When  the  body 
is  in  a  healthy  state,  the  bile  or  substance  secreted  is  made  by 
the  all-wise  Designer  serviceable  to  the  assimilation  of  the 
chyle,  but  it  is  not  supposed  to  re-enter  the  system.  When  by 
an  improper  diet  or  some  other  derangement  of  the  system,  the 
blood  contains  more  carbon  and  hydrogen  than  can  be  disposed 
of  in  the  adipose  membrane,  it  is  secreted  by  the  liver :  being 
converted  into  bile  which  contains  a  resinous  substance  sup- 
posed to  be  composed  of  this  extraneous  matter  and  the  red 
particles  of  the  blood  combined  with  oxj'geu  :  hence  those  who 
are  intemperate  in  diet  are  the  most  subject  to  bilious  com- 
plaints. 

However  the  kidneys,  next  to  perspiration,  as  to  quantity, 
secrete  by  far  the  most.  Their  office  is  to  separate  the  saper- 
abuodaDt  water,  which  is  charged  with  various  ingredients,  as 
muriate  of  soda,  phosphate  of  lime,  pus,  acetic  acid,  aod  several 
other  substances  found  in  the  urine ;  but  all  effete  or  princi- 
pally such  as  are  saturated  with  oxygen ;  and,  of  course,  have 
performed  their  office  in  the  system.  It  is  found  that  the  kid- 
neys and  the  skin  discharge  nearly  the  same  functions ;  and  an 
excess  in  the  secretions  of  the  one,  is  always  balanced  by  a 
deficiency  in  the  quantity  of  the  other.  These  substances  are 
principally  gathered  from  the  system  by  the  absorbents,  and 
are  by  them  poured  into  the  venous  blood.    The  absorbents 
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ftlso  cleanse  tbe  body  from  internal  pus,  occasioned  by  tumonrt 
bursting  and  discharging  their  contents  internally.  This  they 
gradually  gather  up  and  convey  to  the  thoracic  duct,  and  it  is 
afterwards  evacuated  by  the  office  of  the  kidneys  :  if  not  pro- 
perly cleansed  from  the  blood,  it  is  said  to  produce  the  hectic 
fever.  That  they  perform  the  office  of  cleansing  the  skin,  and 
conveying  the  substances  to  the  blood,  may  be  easily  proved  by 
rubbing  (lie  skin  with  a  highly  odoriferous  substance,  as  garlic, 
which  will  shortly  infect  the  breath. 

It  is  very  evident  then  that  the  absorbents  perform  a  very 
important  office  in  the  animal  economy ;  and  being  filled  with  a 
fluid  which  contains  albumen,  whose  nature  is  very  coagulable, 
on  their  derangement  must  depend  some  of  the  most  inveterate 
diseases  that  can  afflict  the  human  frame.  When  the  absorbent 
system  is  delicate  or  defective,  it  constitutes  the  disease  known 
by  the  name  of  scrofula  or  king's-evil,  which  is  sometimes 
transmitted  from  one  generation  to  another.  At  times  the 
lymph  accumulates,  and  induces  the  large  tumours  we  frequently 
see  in  persons  afflicted  therewith.  But  when  the  absorbents 
of  any  particular  part  are  disordered  which  sometimes  takes 
place,  even  in  a  person  free  from  the  hereditary  taint,  in  ex- 
treme cases  it  terminates  in  the  cancer.  The  glands,  of  which 
multitudes  are  disposed  for  various  purposes  in  different  parts 
of  the  body,  are  the  most  subject  to  this  disease;  not  only 
because  the  fluids  they  secrete  are  not  always  entirely  emptied 
from  their  vessels,  but  because  the  solid  part  of  the  gland  is 
more  compact  in  fibre;  and,  therefore,  besides  the  absorbents 
having  more  to  do,  their  work  is  the  more  difficult  to  perform. 
When  the  absorbents  are  injured  by  sprains,  bruises  or  other 
causes  in  the  joints,  the  enlargement  occasioned  by  the  accu- 
mulation of  the  lymph  is  called  the  white-noelling.  When  the 
scrofulous  tumour  is  in  the  lungs,  it  is  the  pulmonary  consump- 
Hon.  In  short,  wherever  tumours  rise  gradually,  whether  in 
the  bones  or  less  solid  parts  of  the  body,  they  generally  have 
their  origin  in  the  absorbents  of  that  place  not  duly  performing 
their  office  in  gathering  up  the  efiete  particles. 

Now  as  repletion  overcharges  both  the  nerves  and  the  vessels 
of  the  alimentary  system,  and  indolence  causes  a  stagnation  in 
them  ;  while,  on  the  contrary,  violent  exertion  promotes  diges- 
tion or  the  developement  of  the  electric  fluids  in  the  stomach  for 
the  supply  of  the  nerves,  and  puts  all  the  secretions  of  the  body 
in  rapid  motion;  and  as  diseases  are  induced  by  overcharged 


Digitized  by  VjOOQIC 


616  ANIMAL  ECONOMY. 

nerreSy  and  tbe  different  humonra  and  seeretions  remainiiig  too 
long  in  their  respective  channels : — ^it  will  hence  appear  how 
very  necessary  temperance  and  moderate,  but  regnlar  exerciaet 
are  to  the  preservation  of  health.  By  temperance  the  blood 
receives  no  more  carbon  and  hydrogen  than  can  be  well  dis- 
posed of  in  the  system,  and  bilious  complaints  are  avoided  ;  and 
by  discharging  the  accomnlated  fluid  of  a  full  diet  from  Uie 
nerves,  and  by  emptying  the  various  glands  of  their  respective 
secretions,  not  only  scrofulous  complaints,  but  a  number  of 
diseases,  aches,  and  pains  are  obviated : — the  muscles  retain 
their  full  tone,  the  bloom  of  well  oxygenated  blood  radiates  the 
countenance,  and  a  clear  intellect  directs  the  will, 

6.   EFFBCTS  OF  THE  ELECTRICITY  O^  THE  EARTH  AND  ATMO- 
SPHERE UPON  THE  ANIMAL  ECONOMY. 

We  have  stated  Chap.  XVI.  that  the  earth's  surface  is  gene- 
rally charged  negative,   and   that  the    upper  regions  of  llie 
atmosphere  are   always  positive:    but  that  the  quantity  and 
quality  contained  in  the  air  at  the  earth's  surface  are  often 
varying,  and  are  difi*erent  in  different  places,  as  on  hills  and  in 
swamps  or  marshes;  and  that  at  times  the  earth  is  in  a  kind  of 
morbid  state,  when  its  electricity  is  not  extricated  till  a  con- 
siderable portion  of  the  globe  is  highly  charged,  and  an  eartik- 
quake  ensues.     Naw  as  man  stands  upon  the  earth  and  moves 
in  the  air,  his  body  must  be  charged  along  with  them;  nnd  ma 
the  animal  machine  is  put  in  motion  by  the  electric  energies, 
we  must  expect  that  a  superabundance  of  the  one  or  the  other 
of  the  electric  fluids  must  interfere  with  the  movements  of  this 
machine.     An  overcharge  of  the  positive  fluid  may  cause  the 
oxygenized  red  particles  of  the  blood  to  combine  with  its  car- 
bon and  hydrogen,  before  they  reach  the  nutrients,  when  a 
quantity  of  matter  must  be  thrown  off*  by  the  liver  under  tbe 
form  of  the  cholera  morbus,  or  the  black  vomit  of  the  yellow 
fever.     Or  by  overcharging  the  nerves,  (oo  much  heat  may  be 
occasioned,  which  may  coagulate  tbe  albumen  of  the  frame,  or 
dissolve  what  nature  requires  to  be  kept  Arm,  and  thus  intro- 
duce putrescency  into  the  system.     A  too  great  prevalence,  or 
an  overcharge  of  the  negative  fluid  may  exhaust  t^e  body  of  iti 
proper  charge  of  the  positive  fluid  and  debility  of  the  nervovs 
system  must  ensue — and   originate  some  formidable  disease 
peculiar    thereto,    but    varied    according    to   circumstances. 
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AccordiBgly  we  find  certain  maladies  corresponding  to  all  the 
peculiar  Ixodes  in  which  the  negative  fluid  prevails;  as  rheu- 
matism, nervous  debility,  head  aches,  and  a  multitude  of  pains, 
wit  the  intermittent  and  remittent  fevers ;  also  the  typhus, 
the  putrid,  the  camp,  gaol,  malignant,  pestilential,  and  spotted 
fever;  and,  lastly  the  plague  itself,  all  originating  from  the 
same  cause,  viz.  the  predominance  of  the  negative  fluid,  occa- 
sionally aggravated,  by  the  heat  arising  from  its  union  with  the 
positive,  either  from  the  air  or  improper  diet 

Immediately  preceding  thunder  storms,  if  the  ground  is  very 
dry,  the  positive  fluid  will  sometimes  charge  the  air  to  the  very 
surface  of  the  earth.  Therefore  when  a  discharge  takes  place, 
that  is,  when  the  two  fluids  unite,  the  positive  will  sometimes 
pass  from  the  air  into  the  earth,  and  in  this  case  there  is  no 
thunder  but  a  tremour  of  the  earth,  and  sometimes  the  negative 
will  pass  from  the  earth  and  meet  the  positive  in  the  air,  when  a 
peal  of  thunder  is  heard.  In  either  case  the  fluids  always  pass 
through  the  nearest  points  of  contact;  and  should  a  man  be  the 
highest  object  or  should  he  be  under  a  tree  or  in  a  house, 
through  which  the  stream  passes,  all  or  part  of  it  may  be  trans- 
mitted through  his  body,  when  he  is  thrown  down  or  struck 
dead,  merely  by  the  quantity  of  the  fluid,  having  no  signs  of 
fire  or  violence  about  him.  This  is  different  from  being  killed 
with  what  is  called  the  thuftder  bolt:  in  cases  of  death  by  the 
thunder-bolt  when  small  holes  or  marks  of  burning  are  found  in 
and  about  the  body,  the  person  was  charged  with  the  one  fluid 
when  the  other  approached,  and  their  union  took  place  in  his 
body.  The  tendency  to  putrescency  in  bodies  killed  with  light- 
ning is  well  known  to  be  very  great;  and  it  is  also  found  that 
the  flesh  of  animals,  as  fowls,  killed  for  the  table  by  a  discharge 
from  a  Leyden  battery,  is  rendered  very  tender:  the  divellent 
effects  of  the  Samiel  are  still  more  virulent.     8ce  page  521. 

But  independently  of  this  extreme  case,  as  a  change  in  the 
aerial  electricity  either  as  to  the  opposite  fluids  or  their  quan- 
tity, always  prece<les  and  accompanies  a  change  of  weather,  we 
must  expect  that  the  animal  economy  will  be  sensibly  aifo^sd 
by  these  changes.  >  Hence  on  those  occasions  we  find  almost 
every  person  has  some  ache  or  pain,  lassitude,  or  dulness  to 
complain  of.  And  if  we  look  at  the  animal  creation,  for  they 
are  all  more  sensible  of  it  than  man,  we  shall  find  the  whole  in 
commotion:  the  birds  cease  their  warbUng^  and  seek  the  inner- 
most coverts,  the  rooks  aire  clamourotisly  calling,  the  herds  are 
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lowing  and  restless,  the  sheep  are  seeking  the  sheltered  side  of 
the  hill,  the  dogs  are  howh'ng;  and  even  Osh,  and  the  unweildy 
porpoise  are  equally  disturbed  in  their  watery  element,  and  it 
is  perhaps,  the  only  time  when  the  eel  quits  its  muddy  habita- 
tion; all  feeling  the  disagreeable  sensation  of  a  body  over- 
charged with  electricity,  and  all  preparing  for  the  approaching 
storm. 

In  almost  every  individual,  the  nerves  of  some  parts  of  the 
body,  are  more  tender  than  others;  and  such  parts  will,  of 
course,  be  more  liable  to  be  infected  by  external  or  different 
causes  than  others.  Of  whatever  organs,  then,  the  nerves  may 
be  defective,  these  organs  will  suffer  the  most  at  the  approach 
of  a  storm  Should  the  weak  nerves  belong  to  the  stomach; 
then  indigestion,  or  perhaps  nausea  may  ensue;  if  the  lungs, 
asthma;  if  the  intestines,  diarrhea,  or  colic  ;  if  to  the  ligaments 
of  the  joints,  rheumatism;  if  to  the  teeth,  tooth  ache;  if  to  a 
muscle  a  difficulty  of  motion,  a  contraction,  «r  spasm,  or  the 
cramp  in  the  calf  of  the  leg,  or  a  lock-jaw,  and  sometimes  the 
palsy ;  but  if  the  brain  itself  be  disordered,  then  a  violent  head 
ache,  giddiness,  delirium  or  insanity  may  be  produced.  Thus 
we  see  the  same  causes  affect  different  people  in  various  ways; 
but  we  may  generally  remark,  that  when  any  one  is  complaiaing 
of  the  shooting  of  a  corn,  the  throbbing  of  a  wound,  the  writh- 
ing pain  of  rheumatism,  the  stupidifying  heaviness  of  the  head 
ache  or  any  other  ache  or  pain,  he  generally  ceases  his  com 
plaint  soon  after  the  rain  begins  to  fall,  for  then  the  electricities 
are  discharged,  and  his  body  is  freed  from  its  oppressive  load. — 
That  invalids  are  not  equally  affected  previously  to  every  storm 
or  fall  of  rain,  is  owing  to  the  different  modes  in  which  the 
earth  and  air  are  charged.  When  the  earth  is  wet  and  the 
atmosphere  is  cold,  the  lower  stratum  of  clouds  is  generally 
charged  with  the  negative  fluid ;  and  the  positive  descends 
from  the  higher  regions,  or  comes  with  the  clouds  from  distant 
quarters;  even  most  thunder  storms  are,  in  our  climate,  pro- 
duced by  the  meeting  of  oppositely  charged  clouds,  with  little  or 
no  discharge  from  the  earth ;  consequently  the  nervous  sensi- 
bility we  are  now  describing  must  be  greatly  modifled. 

The  other  diseases  which  we  have  mentioned  depend  on  two 
primary  causes,  geological  situation  and  climate;  and  they  are 
modifled  by  diet,  exercise  and  cleanlines, — or,  in  other  words, 
by  the  condition  of  the  human  frame.  By  geological  aitoatioa 
is  meant  the  tendency  which  the  electric  fluids  have  to  arrange 
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themselves  on  hills  or  ia  wet  sitaations.  When  the  atmosphere 
is  charged  positive,  the  earth  is  equally  charged  negative ;  and 
Che  negative  fluid  arranges  itself  on  the  most  elevated  sitaations 
as  being  nearest  to  the  positive,  and  here  the  violence  of  the  storm 
is  generally  spent;  so  that  in  all  warm  climates,  as  in  central 
Africa,  the  plains  are  always  the  most  healthy  when  they  are 
defended,  as  it  is  termed,  by  a  lofty  range  of  mountains.  Such 
mountains  are  generally  uninhabited,  and  therefore,  we  know 
nothing  of  the  dreadful  effect  of  such  charges;  but  in  volcanic 
districts  and  on  inhabited  hills  near  swamps  or  marshes  and  far 
from  loftier  ranges,  the  full  effects  are  felt  in  the  intermittent 
and  remittent  fevers  that  here  prevail.  As  woods  and  trees 
have  the  same  effect  of  collecting  the  electric  fluid,  so  they  are 
always  the  most  dangerous  places  in  such  situations.  This  is 
well  known  in  India,  and  through  all  that  part  of  Asia  which 
we  have  already  described  as  volcanic;  so  that  the  fevers  gene* 
rally  have  a  name  that  bears  reference  to  their  rise  from  woods 
or  thickets  as  the  Jungle  Fever  in  India. 

But  where  a  tract  is  not  drained  of  its  electric  fluid  by  adjoin- 
ing hills  and  is  withal  swampy  and  damp ;  then  the  evaporation, 
especially  in  warm  and  dry  weather,  makes  the  atmosphere 
over  that  place  a  conductor.  Now  vapour  rising  from  the 
earth  or  water  is  positive,  and  therefore  in  the  day  time  the 
negative  remains  within  the  earth;  but  during  the  night,  the 
air,  unless  dispersed  by  strong  winds,  remains  mois(,  and  then 
becomes  highly  charged  negative:  people  remaining  in  such 
situations  during  the  night  have  their  nerves  exhausted  of  the 
positive  fluid,  and  are  often  swept  off  in  vast  numbers  by  inter- 
mittent and  remittent  fevers.  There  is  a  remarkable  paper  on 
this  subject  No.  LIX.  MaVaria,  of  the  Quarterly  Review,  from 
which  it  appears,  that  in  our  fenny  districts  of  Essex,  Cam- 
bridgeshire, Lincolnshire,  and  the  East  Riding  of  Yorkshire, 
these  fevers  mostly  appear  under  the  milder  form  of  agues;  in 
Holland,  as  was  fatally  experienced  by  our  armies  at  VValche- 
ren,  they  assume  a  more  dreadful  form;  while  in  France  and 
Italy,  where  there  is  greater  atmospheric  heat,  and  such  tracts 
are  situated  in  volcanic  districts,  they  are  still  more  deadly. 
Summer  and  autumn  is  the  time  when  these  fevers  mostly  pre- 
vail, for  at  that  season  the  evaporation  is  the  greatest ;  it  is  also 
still  worse  when  a  bog  is  dried  up  and  the  mud  is  fermenting, 
than  when  there  is  plenty  of  water;  for  the  evaporation  is 
greater  by  reason  of  the  temperature  which  the  mud  acquires. 

4i2 
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80  that  at  tbis  point  of  time  the  developement  of  the  electric 
fiaids  is  greatly  accelerated. 

In  very  hot  climates,  and  in  volcanic  districts,  as  in  the  Weftt 
Indies,  and  all  the  American  coast  in  that  part  of  the  world, 
also  in  some  parts  of  the  East  Indies,  the  sea  coast  is  highly 
charged  and  pestilential.  The  British  seamen  often  dare  not 
venture  on  shore  for  water,  &c.,  in  the  middle  of  the  day,  by 
reason  of  the  excessive  heat;  bat  will  go  in  the  cool  of  the 
evening,  or  after  sun  set ;  when  the  earth*s  surface  and  atmos- 
phere become  highly  charged  with  the  negative  fluid.  This  in 
some  cases,  especially  after  the  body  has  suflfered  by  the  heat 
and  perspiration  of  the  day,  that  is,  when  the  nerves  are  the 
most  exhausted,  will  induce  the  spotted  fever  that  often  proves 
fatal  in  a  few  hours.  Many  times  have  the  crews  of  our  ships 
and  fleets  been  thus  swept  away.  Il  is  this,  in  general,  that 
makes  warm  climates  so  fatal  to  European  constitutions,  espe- 
cially during  the  rainy  seasons,  when  the  same  partly  prevaib 
in  all  situations ;  but  in  all  cases,  whether  in  cold  or  warm 
climates,  strangers  are  always  more  liable  to  suffer  than  natives, 
or  those  whose  bodies  have  become  inured  to  the  climate.  On 
some  occasions  ships,  riding  at  anchor,  in  the  West  Indies,  and 
in  the  channel  to  Calcutta,  have  been  infected  at  a  distance  of 
above  3,000  feet  from  the  shore. 

AU  vertical  bodies,  such  as  a  house,  are  always  charged  posi- 
tive at  the  top  and  negative  at  the  bottom;  so  that  it  is  a  very 
common  thing,  especially  in  situations  not  very  favorable  to 
health,  for  all  the  patients  in  hospitals  or  the  inhabitants  of 
other  extensive  establishments,  who  sleep  on  the  ground  floor 
to  be  attacked  by  a  fever  of  this  kind,  while  those  in  the  upper 
story  remain  healthy.  Even  in  common  dwellings  a  large, 
well  ventilated,  and  less  inhabited  room,  will  mostly  be  positive; 
while  an  adjoining  small,  crowded  and  ill  ventOated  room  on 
the  same  floor  will  be  negative.  Gaols  or  dungeons  and  such 
like  places,  may  be  considered  as  below  the  plane  whereon  the 
diurnal  combination  of  the  positive  solar  rays  or  fluid  of  the 
atmosphere  and  the  negative  fluid  take  place,  and  the  inhabi- 
tants of  such  abodes  must  therefore  bo  considered  as  always 
living  in  a  negatively  charged  atmosphere ;  hence  the  origin  of 
the  malady  called  the  gaol  fever,  with  its  nomeroos  TariaticMis. 
In  America,  where  the  uncombined  electricity  of  the  earth  and 
atmosphere,  by  reason  of  the  earth's  surface  being  chiefly  <A 
primary  and  volcanic  formations^  is  incomparatively  mach  more 
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abundant  than  in  Europe ;  and  especially  in  the  back  settle- 
ments where  yegetation  is  luxuriant,  where  trees  are  large,  and 
the  forests  extend  over  much  of  the  country,  the  positive  fluid 
is,  as  it  were,  entirelj  absorbed  from  the  air ;  consequently, 
the  inhabitants,  living  continually  in  a  negatively  charged  atmo- 
sphere, have  the  same  cadaverous  appearance  as  those  who 
inhabit  the  most  unwholesome  marshes  of  Europe,  or  such  as 
have  just  escaped  from  s^  dungeon.  Even  animals,  in  that  part 
of  the  world,  shew  by  their  stunted  growth,  when  compared 
with  those  of  the  old  continent,  that  its  atmosphere  is  uncon- 
genial to  life. 

That  the  indigent  often  fall  victims  to  the  typhus,  while  the 
wealthy  in  the  same  town  escape,  is  owing  to  the  following  cir- 
cumstances. The  poor  neglect  to  ventilate  their  houses,  and 
are  unable  to  maintain  sufficient  fires  which  would  alone  ven- 
tilate them,  and  which  is  one  of  the  best  rectifiers  of  an 
unwholesome,  negative  atmosphere.  Want  of  cleanliness  is 
also  a  powerful  promoter  of  this  disease,  for  the  absorbents 
cleanse  the  skin,  but  introduce  the  filth  into  the  system ;  yet, 
the  chief  cause,  it  must  be  confessed,  is  the  want  of  sufficient 
nourishment.  From  the  stomach  are  the  nerves  supplied  with 
the  positive  fluid  ;  but  the  nerves  of  the  poor  in  times  of  scar< 
city  have  often,  for  a  long  continuance,  but  a  very  scanty  supply, 
when  at  length  the  typhus  comes  under  the  name  of  an  epide- 
mic, and  thins  their  numbers. 

Previously  to  an  earthquake,  the  typhus  has  been  known  to 
prevail  over  a  great  part  of  the  globe  at  the  same  time.  And 
as  we  have  shewn  that  vegetables  charged  with  the  uegative 
fluid  fade  and  die,  so,  during  the  time  this  fever  raged,  even 
vegetation,  both  in  grass  and  trees,  hr.s  in  certain  places  been 
suspended  under  its  pestilential  influence.  The  time  when  the 
plague  makes  the  greatest  ravages  in  Constantinople,  is  when  a 
N.  E.  wind  prevails,  that  is,  when  the  earth  is  charging  the 
damp  air  from  the  Black  sea  negatively,  and  wliich  is  lushing 
southward  to  join  the  positive  air  of  some  distant,  perhaps 
African,  region.  And  in  this  same  city,  "a  frightful  storm  has 
been  known  to  put  a  sudden  stop  to  the  contagion."  Asia 
Minor  is  almost  the  peculiar  region  of  earthquakes,  and  here 
the  plague  prevails  more  than  in  any  other  part  of  the  world. 
Also  a  great  many  of  the  plagues  recorded  in  history  have  been 
accompanied  by  earthquakes ;  and  the  commencement  of  most 
of  them  has  been  ascribed  to  the  noxious  vapours  arising  from 
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tome  swmmp  or  marab,  as  from  the  Serbonian  Bog  in  the  tinie 
of  Jostinian,  when  the  plague  almost  desolated  a  great  part  of 
the  Roman  empire,  and  its  aceompaoying  earthquake  buried  the 
inhabitants  of  Antioch  and  other  cities  in  that  part  of  the  worid 
beneath  the  ruins  of  their  houses.  The  plague,  therefore,  we 
consider  as  originating  from  the  earth's  surface  being  ready 
charged  for  an  earthquake  or  storm,  but  receiving  its  peculiar 
form  from  tbe  clin^ate,  and  mode  of  life  of  the  inhabitants  of 
those  regions. 

Physicians,  in  all  age9,  have  taken  great  pains  to  trace  die 
origin  of  the  plague  and  other  diseases,  mentioned  in  this  arti- 
cle, to  the  winds :  and  no  wonder,  for  being  ignorant  of  the 
true  cause,  it  was  to  be  expected  that  an  accompanying  effect 
would  call  their  attention.    Their  is  a  paper  on  this  subject  in 
the  New  Monthly  Magazine  for  May  1B241     Now  the  earth 
being  highly  charged  with  the  negative  electric  fluid  is  both  the 
cause  of  the  malady  and  of  the  wind.     Volcanic  regions,  ind&> 
pendent  of  the  charges  previously  to  earthquakes  or  eruptions, 
are  always  less  or  more  charged  at  certain  seasons  of  the  year  : 
and   these  charge  the  air  negative,  when   it  causes  a  wind 
towards  a  more  southerly  positive  region,  so  that  wherever  this 
wind  blows  it  must  be  pestilential ;  and  as  it  always  blows  from 
the  same  cause,  it  must  be  always  in  the  same  direction :  so 
that  certain  diseases  might  very  justly  be  ascribed  to  certain 
winds.     The  author  of  the  above  paper  cites  the  following  pas- 
sage from  Frommond.     "  The  inhabitants"  of  the  Azores  when 
the  south  wind  blows  "  then  go  about  as  melancholy  as  if  some 
misfortune  had  befallen  them.    Th^  little  children  stay  within 
doors  quite  dull :  none  of  them  are  to  be  seen  running  about 
and  playing  in  the  streets.     But  as  soon  as  the  north  wind  again 
begins  to  blow,  all  is  once  more  life  and  bustle."     Now  these 
islands,  which  are  volcanic,  are  so  situated,  that  they  can  seldom 
have  a  south  wind  which  is  not  occasioned  by  the  earth's  elec- 
tric charge  attracting  the  positive  air. — It  has  likewise  always 
been    remarked    that  these    fevers  have    been   dispersed   by 
stronger  contrary  winds  or  storms :  for  in  these  Uie  electric 
fluids  are  discharged. 

Oreat  pains  have  also  been  taken  to  find  noxious  effluvia  in 
the  exhalations  from  those  marshes  where  the  fevers  prevail, 
but  this  has  always  eluded  detection.  Now,  though  we  ascribe 
no  pestilential  effect  to  any  thing  else  in  these  effluvia  than  their 
electric  charge ;  yet  we  have  sufficient  data  for  the  inference 
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that  something  more  may  be  exhaled  than  mere  aqueous  parti- 
cles. Every  one  must  have  noticed  the  disagreeable  stench 
arising  from  house  drains,  previously  to  rain  or  storms,  espe- 
cially when  the  barometer  is  low  in  a  raw,  frosty  morning ;  at 
which  time  we  consider  the  earth  as  charged  negative.  And 
as  the  negative  fluid  in  the  galvanic  apparatus  evolves  hydrogen 
gas  from  water,  we  may  conclude  that  the  inflammable  gases, 
such  as  sulphuretted,  phosphuretted  and  carburetted  hydrogen, 
may  be  evolved  from  common  sewers,  and  stagnant  marshes. 
It  is  somewhere  recorded  that  when  the  Yellow  Fever  raged 
yery  furiously  in  an  insulated  district  in  America,  every  even- 
^^g,  during  that  period,  a  blue  mist  was  observed  to  hover  over 
the  devoted  place.  This  mist  was  probably  carburetted  hydro- 
gen gas  evolved  by  the  charged  state  of  the  earth.  Such  blue 
mists  have  often  been  seen  in  Asia,  and  are  always  considered 
as  harbingers  of  the  plague. 

It  now  remains  that  we  offer  some  hints  by  way  of  prevention. 
Home  has  become  much  more  unhealthy,  since  the  cutting 
down  some  woods  situated  between  it  and  some  marshes ;  and 
other  places  have  had  their  salubrity  improved  by  the  removing 
of  trees,  walls,  and  towers.  Now  any  eminence,  whether  hill, 
tree,  or  wall,  situated  near  a  swamp,  must  attract  the  electric 
fluid  and  retain  it  like  the  prime  conductor  of  a  machine  or  a 
Leyden  Battery  ;  and  the  summit  or  immediate  neighbourhood 
must  be  rendered  pestilential.  Should  such  eminence  be  be- 
tween the  city  and  swamp,  at  a  sufficient  distance  from  the  for- 
mer, it  mu^t  escape  ;  for,  the  charge  is  not  like  that  of  a  volcanic 
district  suflicient  to  cause  a  wind :  but  should  the  eminence  be 
in  the  city,  then  the  nucleus  of  the  pestilence  is  among  the 
inhabitants.  Independent  of  tbis,  if  the  town  contains  much 
stagnant  water,  in  sewers,  ponds,  &c.,  as  is  shamefully  the  case 
in  Rome,  and  most  of  the  towns  in  the  United  States  of  North 
America,  where  all  concur  in  the  remark,  that  the  yellow  fever 
is  never  fatal  till  their  filthy  pools  of  stagnant  water,  have  a 
green  scum  over  them,  each  house  must  be  charged  with  the 
electric  fluid  and  with  death. 

The  fenny  districts  in  England  are  much  less  insalubrious 
than  formerly  ;  and  they  are  principally  rendered  so  by  drain- 
ing, which  is  the  most  effectual  and  the  only  radical  cure. 
Whatever  removes  the  stagnant  waters  of  a  district,  promotes 
the  health  of  its  inhabitants ;  on  the  contrary,  whatever  tends 
to  increase  stagnant  waters,  or  the  surface  of  inland  water,  must 
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increase  the  hnmidity  of  the  atmosphere,  and  conseqaeady 
diminish  the  salubrity  of  the  place :  a  consideration  too  mach 
lost  sight  of  by  the  promoters  of  canals  in  opposition  to  tram- 
ways. In  short,  whatever  advantage  may  accrue  from  a  canal 
in  a  commercial  point  of  view,  it  may,  with  respect  to  the  health 
of  the  inhabitants,  bo  pronounced  a  curse  to  the  country.  The 
best  personal  preservatives  against  the  ill  effects  of  a  marshy 
district,  or  of  wet  springs  and  autumns,  which  are  in  all  dis* 
tricts  frequently  rife  with  agues  and  fevers,  are,  along  with  t 
substantial  and  nourishing  diet,  and  a  good  6re  within  doors,  to 
avoid  the  evening  dews,  especially  when  there  is  no  wind,  and 
to  use  warm  clothing ;  that  is,  such  as  is  formed  of  non-con- 
ducting substances,  as  wool — or  what  is  still  better,  silk ;  for 
this  prevents  the  nerves  from  being  exhausted  of  their  poiitive 
fluid. 

7.  THEORY  OF  PHYSIC. 

Thb  efficacy  of  Medicine  depends  upon  its  chemical  aflfinitiet 
or  electric  energies.  The  student  of  Nature  may  consider  all 
that  has  been  said  of  the  simple  or  elementary  substances,  and 
their  combinations,  whether  as  mineral,  vegetable,  or  animal 
substances,  as  a  description  of  the  Materia  Medica.  Let  him 
consider  for  a  moment,  what  various  etFccts  these  elements, 
either  alone  or  compounded,  must  have  when  taken  into  the 
stomach,  or  even  when  applied  externally.  Then  let  him 
remember  what  a  complicated  machine  the  human  frame  is,— 
what  a  number  of  bones,  what  a  multitude  of  ligaments,  what 
hundreds  of  glands  and  muscles,  what  thousands  of  arteries  and 
yeins,  what  myriads  of  nutrients  and  absorbents ;  and  what  a 
wonderful  apparatus  for  producing  heat  by  the  blowing  of  the 
bellows  in  the  lungs,  and  the  lightning  of  the  nerves, — and  be 
will  be  sensible,  what  an  extensive,  what  a  beautiful,  what  a 
sublime  and  wonderful  study  is  that  of  Phytic. 

As  the  disorders,  to  which  the  animal  machine  is  subject, 
are  infinite ;  so  we  may  say  that  the  medicines  which  may  be 
compounded  from  the  elementary  substances,  and  which  nature 
has  already  compounded  from  them,  are  likewise  infinite  ia 
their  efiects ;  and  it  is  found  that  there  is  no  part  of  the  bodf 
bat  m^y  be  reached  and  have  its  economy  altered  by  their 
agency.  The  healing  art  may  be  arranged  undw  three  geneiil 
beads.  1«  Finding  the  seat  and  nature  of  the  ^l^ease.   2.  Deter- 
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mining  the  one  principal  medicine  for  caring  that  disease. 
3.  The  best  manner  of  exhibiting  that  medicine,  so  that  its  forco 
may  be  directed  to  the  morbid  part,  with  the  least  injury  to  the 
sound  parts. 

The  difficulties  of  the  fint  rule  are  these.  All  diseases 
depend  upon  the  nerves  being  injured,  or  not  duly  performing 
their  office ;  and  as  the  nervous  system  is  by  sympathy  but  one 
organ,  therefore,  if  the  nerves  of  one  part  suffer,  the  whole  must 
be  affected ;  and  the  most  skilful  physician  will  sometimes  be' 
at  a  loss  to  determine  which  is  the  part  originally  suffering. 
The  difficulties  under  the  second  rule  are  these :  when  he  has 
discovered  the  seat  and  nature  of  the  disease,  he  has  to  find  out 
the  general  state  of  his  patient's  constitution  and  his  tempera- 
ment ;  for  he  who  would  prescribe  exactly  the  same  medicine 
for  every  patient  who  is  troubled  with  the  same  complaint, 
would  be  little  better  than  the  empyric,  who  proposes  to  cure 
all  diseases  with  one  nostrum.  The  difficulties  under  the  third 
rule  are  many  and  extensive.  For  as  medicine  is  conveyed 
into  the  systeui  by  the  stomach  and  circulation,  how  is  it  to 
reach  the  liver,  for  instance,  without  its  equally  affecting  all 
parts  of  the  body  which  may  be  sound?  The  skilful  physician, 
therefore,  considers  what  are  the  substances  secreted  by  the 
liver,  and  he  exhibits  such  medicines  as  will  not  be  secreted  by 
the  other  organs,  or  will  have  as  little  effect  on  them  as  possible, 
but  will  have  a  powerful  effect  when  they  arrive  at  that  viscus. 

All  medicine  may  be  divided  into  two  kinds  :  the  heating  or 
stimulating,  and  the  cooling  or  sedative ;  also,  diseases  may  be 
arranged  under  two  heads, — subirritation  and  superirritation ; 
that  is,  where  the  organs  are  in  such  a  state  as  not  to  combine 
a  sufficiency  of  the  electric  fluids  to  maintain  the  vital  fire;  and 
where,  on  the  contrary,  it  is  so  great  as  to  endanger  the  deli- 
cate fibres  and  produce  inflammation.  In  the  latter  case,  the 
patient  is  relieved  by  blood-letting,  so  as  to  diminish  the  quan- 
tity of  the  red  particles  in  the  blood,  and  of  course  the  supply 
of  oxygen ;  and  by  either  evacuating  the  stomach,  refraining 
from  food,  or  using  that  with  medicine  of  the  cooling  kind,  that 
both  sources  of  the  electric  fluids  may  be  diminished.  Should 
the  inflammation  be  in  a  limb,  then  bleeding  at  the  artery  which 
supplies  that  limb  is  used ;  but  this  cannot  be  done  in  every 
case ;  and  in  all  it  requires  too  much  skill  in  surgery  for  every 
practitioner. 

4k 
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The  diseases  of  subirritation  are  of  more  difficult  cure ;  since 
it  is  mnch  easier  to  diminish  the  vital  fire  than  to  iacreaac  it, 
especially  where  the  stimulus  is  wanted  in  one  particular  part 
of  the  body.  For  as  the  malady  proceeds  from  the  nerres  not 
conducting  a  suOicient  supply  of  the  positive  electric  fluid  to 
the  suiTering  part,  medicine  of  the  heating  kind  cannot  be  ex- 
hibited so  as  to  suflTjciently  raise  the  temperature  of  that  part, 
without  irritating  the  sound  part  of  the  body  to  a  fever.  Uenoe 
the  utility  of  galvanism,  or  of  charging  the  supplying  nerre  of 
the  languid  part,  with  the  positive  fluid  from  an  electro-appa- 
ratus. But  besides  the  judgment  of  the  physician  neceasary  to 
determine  when  and  to  what  extent  this  should  be  done,  'it  will 
in  some  cases  defy  the  skill  of  the  most  able  surgeon  to  readi 
the  nerve,  and  therefore  galvanism  can  never  be  introdacod  into 
general  practice. 

So  great  was  the  enthusiasm  at  one  time  among  the  coltifa- 
tors  of  the  science  of  electricity,  that  very  able  men  asserted 
that  there  is  no  disease  incident  to  the  human  frame,  bot  may 
be  removed,  or  at  least  its  violence  greatly  mitigated  by  the 
external  application  .of  electricity.  However  the  foregoiag 
pages  will  shew  the  fallacy  of  such  assertions :  for,  they  demon- 
strate that  if  the  animal  machine  is  moved  by  electricity,  it  is 
not  by  its  being  poured  upon  the  body  at  random.  But  the 
negative  enters  the  blood  by  the  lungs,  while  tLe  positive  enters 
by  the  food  of  the  stomach.  The  former  is  distributed  through 
the  system  by  the  arteries  conveying  the  blood,  and  the  latter 
by  the  nerves;  and  they  are  combined  by  the  i user ui table  lavs 
of  life  at  a  precise  point  pre-ordained  by  the  unerring  skill  of 
the  all-wise  Crbator.  Whereas,  electricity  applied  from  a 
machine  charges  all  the  muscles,  bones,  arteries,  and  nerves 
promiscuously;  and  where  the  nerves  and  muscles  of  a  vessel 
merely  wanted  their  electric  energies  rousing,  so  as  to  hasleo 
the  secretion,  the  fluids  are  made  to  combine  in  the  coats  of 
the  vessels  at  the  hazard  of  their  dissolution.  In  rheumatic 
complaints,  as  the  lumbago  for  instance,  the  external '  applica- 
tion of  electricity  has  been  known  to  cause  suppuration  aboattiM 
loins,  which  is  attended  with  almost  sure  death.  The  cause  of 
rheumatism  is  the  nerves  being  in  such  a  state  as  not  to  svpply 
the  absorbents,  which  consequently  do  not  performtheir  oflios; 
now  should  these  delicate  yessels  thus  distended  with  lympk, 
perhaps  nearly  in  a  stagnant  state,  be  exposed  to  an  ovenboek 
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of  electricity,  the  worst  consequences  may  ensue.  However  it 
cannot  be  denied  that  cTcn  this  random  mode  of  application  has, 
in  some  cases,  been  attended  with  the  greatest  benefit.  The 
progress  of  fluids  along  capillary  tubes,  and  such  are  the  absor- 
bents, nutrients,  and  glandular  vessels,  is  generally  accelerated 
by  their  being  charged  with  electricity;  consequently,  it  may 
not  only  assist  and  stimulate  the  nervous  system,  but  evacuate 
the  glands  and  absorbents. 

The  general  mode  of  application  is  to  place  the  patient  on  an 
insulated  stool,  charge  him  with  the  positive  fluid,  and  draw 
sparks  from  the  diseased  part  with  a  wooden  point ;  when,  the 
operator  standing  on  the  ground,  or  holding  the  negative  chain, 
and  of  course  completing  the  electric  circuit,  a  small  portion  of 
the  fluids  will  be  united  at  the  point  or  place  affected. 

8.  TUB  SENSES. 

The  heart  is  generally  spoken  of  as  the  seat  of  life,  on 
account  of  its  being  the  organ  that  causes  the  circulation  of  the 
blood,  which  in  common  language  is  called  the  stream  of  life. 
But  as  all  muscular  contractions  depend  upon  the  office  of  the 
nerves,  which  contractions  giye  motion  to  the  heart,  it  is 
evident  that  as  the  brain  is  the  source  of  action,  so  must  it  also 
be  the  prime  residence  of  life. 

Now  as  muscular  action  ceases  as  sOon  as  the  electric  power 
of  the  brain  is  destroyed,  and  for  any  thing  we  shall  evei:  know 
to  the  contrary,  life  also  ceases  or  takes  its  flight  at  the  same 
time,  the  only  conclusion  we  can  draw,  is,  that  the  intangible 
unknown  principle  we  call  Xt/e,  not  only  resides  in  the  brain, 
but  has  its  seat  in  or  is  inseparable  from  the  electric  fluid. 
That  life  does  not  constitute  the  capability  of  the  nerves  for 
conveying  the  electric  fluid,  is  evident  from  the  effect  that  gal- 
vanism has  upon  recently  killed  animals ;  for  it  will  produce  all 
the  muscular  contractions  necessary  for  corporal  motion ;  yot, 
for  want  of  the  directing  power  of  the  Will,  or  the  laws  of  life, 
no  determined  motion  of  a  limb  or  body  can  be  produced. 

The  nerves  are  continually  in  a  charged  state,  conveying  the 
electric  fluid  to  all  parts  of  the  body  where  the  circulation  or 
action  of  life  is  going  on;  and  each  larger  chord  is  composed  of 
a  number  of  smaller  ones,  and  bedewed  with  the  fine  unctuous 
fluid  of  the  dura  mater.  And  so  delicate  is  the  structure,  that 
whateyer  external  impression  is  made  on  them,  whether  by  sim- 

4r2 


Digitized  by  VjOOQIC 


028  ANIMAL  ECONOMY. 

pie  compressare,  destruction  of  their  contexture  or  chemical 
affinity,  must  effect  the  state  of  the  whole  nervous  system ;  and 
as  life  resides  in  this  system,  it  must  be  Tariously  affected  in  ita 
•eat  When  the  brain  is  exposed  by  the  removal  of  part  of  the 
■kull,  a  small  pressure  upon  it,  as  with  a  handkerchief,  causes 
dimness  of  sight,  and  drowsiness  increasing  to  apoplexy.  And 
when  the  person  falls  asleep,  the  brain  shrinks  and  subsides ; 
hut  the  moment  he  awakes,  a  tide  of  blood  is  seen  rushing 
through  the  vessels  and  swelling  the  brain.  When  the  blood 
flows  rapidly  in  delirium  and  inflammation  of  the  brain,  the 
patient  is  deprived  of  sleep,  unless  the  current  is  retarded  by 
opium  or  bleeding.  Retard,  therefore,  the  flow  of  blood  to  the 
brain  and  you  induce  sleep ;  quicken  it,  and  you  drive  it  away. 

The  sentient  power  is  situated  in  the  nerves,  and  its  acnteness 
is  perhaps  greaUy  owing  to  their  delicacy  of  texture ;  but  in  the 
brain  is  the  great  sensorium,  whither  all  the  impressions  on  tl^ 
nerves,  as  produced  by  the  Ave  senses,  are  conducted.  That  it 
resides  in  the  brain  and  is  not  equally  distributed  over  all  the 
nervous  system,  we  think  one  circumstance  sufficient  to  prove, 
▼iz.  a  man  who  has  lost  his  leg  will  frequently  complain  of  a 
pain  in  his  toes,  which  would  not  have  been  the  case  had  any  of 
the  sensoriam  ever  been  therein  resident. 

The  nerves  terminate  all  over  the  body,  immediately  beneath 
the  epidermis,  in  small  papillse,  which  exude  the  unctuous  fluid 
existing  between  the  two  coats,  and  with  which  the  papillas  are 
continually  moistened.  These  papillso  are  by  far  the  thickest 
■et  in  the  seat  of  the  senses,  viz.  at  the  finger  ends,  on  the 
tongue,  in  the  internal  cavities  and  sinuses  of  the  nose ;  though 
in  the  ear  they  give  place  to  a  finer  ramification;  and  in  the  eye 
the  retina  is  a  complete  and  substantial  film  of  the  most  minute 
nervous  chords,  crossing  each  other  as  a  net  work  in  every 
direction. 

Touch.  The  sense  of  touch  is  the  effect  produced  on  the 
brain  by  simple  compressure  of  the  nerves,  without  reference  to 
the  chemical  quality  of  the  object.  It  is  consequently  the  most 
obtuse  of  all  our  senses ;  yet  perhaps  is  more  capable  of  im- 
provement than  any  of  them,  since  we  are  almost  every  day 
amused  with  the  tangent  feats  of  those  who  have  the  misfortune 
to  want  the  sense  of  sight.  In  short,  its  use  may  be  considered 
as  in  a  great  measure  superseded  by  that  of  the  other  senses; 
and  it  is,  therefore,  obtuse  merely  from  want  of  cultivation. 
The  general  sense  of  feeling  may  be  considered  as  that  of  touch 
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extended  over  the  whole  system ;  and  seems  designed  by  the 
Great  Contriver,  as  a  centinel  to  give  notice  of  any  danger.  It 
depends  on  the  impression  and  effect  produced  on  the  nervous 
system,  whether  by  injury  of  their  medullary  substance,  com- 
pression or  chemical  affinity.  The  sensations  of  pleasure  or 
pain  depend  upon  the  mind  or  animal  life  whose  nature  it  is 
not  our  intention  to  investigale. 

It  has  been  asserted  that  the  caste  among  the  Hindoos,  con- 
demned to  manufactures,  have  a  wonderful  tact ;  and  as  all 
generations  continue  at  exactly  the  same  trade,  so  this  supe- 
riority of  the  finger  ends  is  transmitted  from  father  to  son : 
hence  it  has  been  supposed  that  in  certain  arts  they  will  always 
excel  the  Europeans. 

Taste.  Taste  and  smell  depend  entirely  upon  the  electric 
energies  of  the  object.  When  a  dry  substance  is  placed  upon 
the  tongue,  the  tongue  being  dry  also,  we  do  not  feel  the  sensa- 
tion which  we  call  taste.  But  let  a  little  of  it  be  dissolved  in  the 
saliva,  so  as  it  may  reach  and  mix  wilh  the  fluid  exuded  by  the 
papillae  of  the  nerves,  and  an  electric  developement  takes  place, 
and  produces  the  peculiar  effect  on  the  great  sensorium.  Now 
as  we  have  repeatedly  shewn,  that  no  two  substances  com- 
pounded of  different  elements  or  different  proportions  of  the 
same  elements  can  present  the  same  chemical  affinities ;  so  they 
cannot  produce  the  same  effect  upon  the  nerves;  and  conse- 
quently cannot  have  the  same  taste.  Hence  that  wonderful 
variety,  in  this  respect,  in  the  productions  of  nature,  and  that 
endless  variation  of  flavour  imparted  and  produced  by  art. 

Smbll.  The  passage  from  the  nostrils  to  the  back  part  of 
the  mouth  or  larynx  is  not  made  in  the  most  direct  line  or  regu- 
lar curve.  But  just  beyond  the  aperture  of  the  nostrils  are  two 
cavities,  one  to  each  nostril,  which  gradually  expand  till  at  last 
they  unite  in  one:  each  of  these  cavities  has  three  sinuses. 
The  uppermost  one  extends  almost  under  the  eye- brows;  the 
middle  one  is  a  kind  of  sieve-like  bone  or  spongy  cavity ;  and 
the  lowest  takes  the  direction  of  the  upper  jaw.  The  whole  is 
lined  with  a  membrane  called  the  pituitary  membrane,  which 
is  of  a  spongy  nature,  and  composed  of  vessels,  nerves,  and 
glands.  From  the  glands  is  secreted  the  mucus,  and  the 
nerves  terminating  in  the  papillsB  are  moistened  with  their  own 
fluid.  Into  these  cavities,  then,  is  the  air  inhaled;  and  the 
membrane  separates  the  foreign  ingredients  from  it,  viz.  the 
particles  of  volatile  oil,  or  whatever  else  is  dissolved  small 
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enough  to  be  carried  on  the  wind.  As  this  membrane  is  alwajs 
supplied  with  those  two  fluids,  and  farther  moistened  by  the 
breath;  so  these  particles  are  immediately  diluted;  and  tho 
electric  chain  between  the  nerves  and  their  inherent  fluids  is 
instantly  completed,  wlien  the  sensation  which  we  call  umM  is 
produced. 

Whatever  sense  other  animals  possess  in  a  higher  degree  of 
perfection  than  man,  it  is  always  found  that  the  proportion  of 
nerves  in  the  scat  of  that  sense  is  equally  greater.  But  what  is 
very  remarkable,  and  which  must  depend  upon  a  contexture 
far  too  fine  for  us  ever  to  examine,  the  senses  are  often  not 
general.  Thus  :  the  dog  has  a  woudcrful  sense  of  smell  with 
respect  to  certain  scents  or  odours,  for  which  man  has  little  or 
none;  while,  on  the  contrary,  we  cannot  perceive  that  the 
fragrance  of  flowers,  so  very  grateful  to  man,  has  any  effect 
on  the  olfactory  nerves  of  the  dog. 

Ubarino.    This  sense  depends  on  certain  impulses  of  the 
air  producing  certain  contractions  in  the  fibres  of  the  radiated 
muscle  situated   at  the  centre   of  the  membranum  tympani, 
which,  by  vibrating,  gives  motion  to  the  wonderful  and  curious 
mechanism  included  in  the  drum  of  the  car,  and  by  this  means 
communicates    corresponding  impulses   to  the   air  contained 
therein ;  and  these  impulses  produce  certain  impressions  on  the 
auditory  nerves  placed  in  different  parts  of  the  upper  portion  of 
the  internal  ear,  as  already  stated.  Chap.  YII.  s.  7.     It  is  sup- 
posed by  some,  that  the  air  in  the  drum  or  internal  part  of  the 
ear,  is  acted  upon  like  that  contained  in  the  hollow  of  a  drum 
or  violin ;  and  that  the  £ustachian  tube  is  to  the  ear  what  the 
vent  holes  are  to  these  instruments,  which  let  out  the  impri- 
soned  and  affected  air,  and  without  which  it  is  well  known 
they  will  not  emit  the  proper  sound.     1 1  is  certain,  that  when 
the  Eustachian  tube  is  obstructed,  whether  by  natural  defect  at 
birth,  by  cold,  or  accident,   the  person  is  deaf.     Hence  Sir 
AsUy  Cooper  discovered  a  method  of  restoring  the  sense  of 
hearing,  by  making  a  small  hole  through  the  membranum  tym- 
pani  to  the  external  air.     Where  the  base  of  the  stapes  covers 
the  fenestra  ovalis,  it  vibrates  upon  it  like  the  key  of  a  flute ; 
so  that  the  air  in  this  part  of  the  ear,  viz.  the  passages  leading 
up  to  the  brain,  is  also  acted  on  in  the  same  manner :  the  vent- 
hole  being  the  fenestra  rotunda.    The  whole  of  the  internal 
ear  is  moistened  with  the  fluid  of  the  nerves ;  and  indeed  this 
fluid  almost  fiUs  the  upper  part;  and  as  usual  is  in  contact  with 
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the  nerves,  wherever  their  numberless  branches  are  spread. 
In  the  vestibule,  on  the  entrance  to  which  the  stapes  plays, 
this  fluii  is  contained  in  two  little  bags,  whereon  a  part  of 
the  nerves  is  spread.  When  the  nervous  fluid  is  wanting,  the 
sense  of  hearing  is  also  wanting. 

The  above  is  but  a  very  imperfect  description  of  the  organs 
of  the  sense  of  hearing;  but,  in  short,  they  are  too  curious, 
,and  their  use  is  too  imperfectly  understood  to  be  adequately 
described.  One  circumstance  is  very  remarkable  in  these 
organs,  viz.  they  are  all  as  large  and  as  perfectly  developed  in 
the  infant  as  in  the  adult. 

Seeing.  The  sense  of  seeing  depends  on  the  rays  of  lights 
which  emanate  from  bodies  in  all  directions,  and  which  enter 
the  eye;  and,  being  therein  made  to  converge  by  the  eye's 
peculiar  structure,  paint  an  imago  on  the  retina  or  optic  nerve. 
The  sensation  caused  by  this  image  must  depend  upon  two  cir- 
cumstances, viz.  the  intensity  of  the  rays,  which  must  depend 
upon  the  magnitude  of  the  abject,  also  its  distance,  as  explained 
Chap.  Vni.  sec.  8;  and  its  colour,  which  depends  on  the  che- 
mical properties  of  light. 

The  manner  in  which  light  produces  its  peculiar  sensation  on 
the  nerves,  seems  owing  to  the  contrivance  of  the  posterior  part 
of  the  choroides,  called  the  tapetum.  The  external  covering  of 
this  coat  is  in  man  of  a  dark  brown  or  purple  colour ;  but  its 
colour  is  different  in  different  animals.  In  the  ox,  it  is  green; 
in  the  dog,  grey;  in  cats  and  owls,  it  is  of  a  whitish  colour. 
Upon  it  is  the  retina  or  nervous  film.  The  rays  of  light  there- 
fore penetrate  the  retina,  but  are  variously  affected  when  they 
arrive  at  the  tapetum :  some  being  absorbed  jvhiie  others  are 
reflected.  But  the  reflected  rays  seem  to  be  what  principally 
produce  vision ;  for,  by  being  reflected,  or  by  not  entering  the 
tapetum,  they  are  entangled  in  the  nerves,  and  thus  produce 
their  peculiar  effect. 

Now  we  suppose  the  colouring  matter  of  the  tapetum  to  be 
oxygen ;  consequently,  in  man  these  reflected  rays  will  be  those 
of  the  indigo  side  of  the  spectrum ;  and  as  they, are  less  power- 
ful than  those  of  the  calorific  side,  therefore,  light  does  not  ' 
make  that  lively  impression  on  the  optic  nerve  of  man,  which  it 
does  on  that  of  other  animals  whose  tapetum  is  not  of  so  deep 
a  colour :  hence  man  sees  worse  with  a  small  portion  of  light 
than  any  other  animal.    On  the  contrary,  the  tapetum  of  cats 
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and  owls  contains  the  least  oxygen  (its  colour  being  whitisb). 
and  for  that  reason  it  reflects  the  caloriflc  rays  upon  the  opdc 
nerve ;  which  being  the  most  powerful  create  the  greatest  8en> 
sation ;  and  these  animal&  can  therefore  see  with  very  few  rays 
of  light,  even  so  few,  that  man  would  call  it  total  darkness  ;  bat 
by  reason  of  the  overpowering  sensation,  they  are  comparatively 
blind  in  the  sun-shine.  In  the  ox,  the  tapetum,  being  green, 
reflects  the  colour  of  the  grass  his  chief  food.  But  indeed 
we  shall  ever  find  that  the  colour  of  this  membrane  is  always 
edapted  exactly  to  the  creature's  peculiar  mode  of  life.  Man, 
that  he  might  rest  by  night,  is  compelled  to  it,  by  the  deep 
colour  of  his  tapetum,  and  consequent  darkness.  Dogs,  cats, 
and  owls  are  predatory  animals,  and  are  enabled  to  seek  their 
food  by  night,  or  when  their  prey  is  tempted  from  its  larking 
places,  by  the  absence  of  man  its  greatest  foe. 

But  as  light  is  identical  with  the  cause  of  chemical  affinity ; 
so  each  ray,  as  seen  on  the  spectrum,  must  produce  its  peculiar 
effect  on  the  moisture  or  positive  electricity  of  the  nerves:  hence 
the  sensation  of  colour,  and  its  infinite  variety  in  the  works 
of  Nature,  the  source  of  so  much  rational  enjoyment  to  man. 

0.  THE  WILL. 

It  would  seem  that  Life  holds  its  right  to  reside  in  the  body 
on  condition  of  performing  certain  offices,  viz.  regulating  the 
electricity  of  the  brain,  and  dealing  it  out  to  the  different  parts 
of  the  body  where  it  is  needed  for  muscular  action.     Now  the 
office  of  distributing  this  electric  fluid,  so  as  to  actuate  the  mus- 
cles, comprehends  two  distinct  agencies,  which  have  their  own 
respective  spheres  of  action ;  the  one  is  constant,  the  other  is 
casual.    The  constant  muscular  contractions  are  those  which 
keep  the  vital  organs,  viz.  the  heart  and  lungs,  in  action ;  which 
action  cannot  for  a  moment  be  suspended  without  Life  hazard- 
ing its  possession  of  the  body.     But  the  other  agency  consists 
in  casual  contractions  of  the  remaining  muscles  ;   and   they 
depend  upon  certain  determinations  of  that  attribute  of  Life 
which  we  call  Will,    Therefore  what  we  are  to  understand  by 
this  word  Will,  is  the  power  which  Life  possesses  of  distri- 
buting the  electric  fluid  so  as  to  cause  the  contraction  of  cer- 
tain muscles,  while  others  remain  at  rest 
Now  Will,  considered  in  the  abstract,  belongs  equally  to  all 
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mHimals ;  for  they  all,  as  far  as  we  know,  possess  the  power  of 
performing  certain  actions  in  preference  to  others.  However 
this  elective  power  seems  stronger  in  some  than  in  others.  In 
some  it  amounts  to  the  semblance  of  reason,  when  we  call  it 
iHstimd,  Bat  on  the  whole,  it  is  always  furnishing  proofs  that 
we  know  nothing  at  all  of  the  real  nature  of  Life. 

Notwithstanding  our  ignorance  in  this  respect,  we  yet  pre- 
same  to  know  something  of  the  offices  of  life ;  and  as  these  are 
discharged,  not  only  with  perishable  instruments,  but  also  with 
such  as  are  in  continual  need  of  repair,  and  that  in  proportion 
to  their  use,  it  is  very  plain  that  the  more  they  are  used,  the 
greater  will  be  the  wear  and  expenditure  of  the  repairing  mate- 
rials. However  life  has  one  very  important  privilege  granted^ 
tIz.  when  her  instruments  are  very  much  worn,  she  can  suspend 
the  functions  of  one  office,  till  they  are  repaired  by  the  opera* 
tion  of  the  other.    This  cessation  we  call  sleep. 

Now  that  hor  instruments  are  not  equally  worn  during  this 
suspension  is  sufficiently  proved  by  one  circumstance,  vis. 
carbonic  acid  and  aqueous  vapour  are  the  chief  substances  pro- 
duced by  such  use  and  wear ;  and  we  find  less  of  these  evolved 
during  sleep  than  at  any  other  time.  And  as  the  instruments 
must  be  more  worn  when  she  discharges  both  offices  with  the 
greatest  despatch  and  utmost  power;  so  we  find  that  upon 
those  occasions,  her  calls  for  ^e  repairing  materials  are  the 
most  urgent ;  and  the  cessation  of  the  one  office  is  the  most  com- 
plete, and  is  continued  for  the  longest  time.  On  the  other 
hand,  when  the  office  of  volition  is  but  sparingly  executed,  her 
instruments  are  too  powerful ; — she  has  more  for  their  repair 
than  she  can  dispose  of, — her  cessation  of  it  is  therefore  never 
complete  and  but  short,  and  her  instruments  are  apt  to  be 
almost  useless  or  put  out  of  repair,  by  being  too  much  clogged 
with  the  repairing  material. 

But  this  is  not  the  only  time  when  she  has  more  of  the  repair- 
ing material  than  she  can  conveniently  or  possibly  dispense 
with.  Her  supply  is  from  the  stomach ;  and  this  storehouse  is 
sometimes  so  immoderately  crammed,  as  in  the  case  of  alcohol, 
that  such  an  overwhelming  flood  is  sent  to  the  brain,  as  shakes 
life  on  her  throne ;  so  that  her  instruments  are  like  overfed 
horses,  that  despise  the  rein,  throw  their  rider,  and  hurry  on  to 
their  own  destruction.  On  such  occasions,  she  either  uses 
them  without  any  particular  aim,  or  finds  them,  under  such 
circumstances,  so  unmanageable,  that  she  is  either  driven  from 
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or  compelled  to  desert  the  fiiiictions  of  one  oflfice,  and  some- 
times  of  both.  That  she  is  now  expelled  from  her  seat  by  the 
most  extreme  violence  is  Tery  evident  from  this  circnmstance, 
Tiz.  when  she  is  made  to  suspend  her  office  by  a  violent  conciu* 
sion  of  the  brain,  she  conducts  herself  exactly  in  the  same 
manner,  as  when  she  is  made  to  suspend  it  by  an  overdose  of 
alcohol. 

Besides,  life  is  variously  afiected  by  certain  gusts  called  pas- 
sions ;  which,  when  gentle,  make  her  discharge  the  functions  of 
both  offices  with  greater  alacrity ;  but  when  violent,  they  some* 
times  cause  a  suspension  of  both.  However,  as  they  are  partly 
under  the  control  of  a  eertain  power,  viz.  the  $&ui  or  its  emana- 
tion, reoicn,  which  is  or  ooght  to  be  superior  to  will,  but  which 
tre  know  no  more  about  than  that  it  really  exists,  and  exerts  a 
controlling  influence,  we  shall  at  present  say  no  more  upon  this 
subject,  than  that  it  seesia  to  be  beyond  our  reach. 

10.  CONCLUSION. 

Wb  hare  now  arrived  at  the  conclusion  of  what  may  be  cos* 
sidered  an  outline  of  tEe  Natural  History  of  Matter ;  and  hope 
that  we  have  said  enotigfa  to  enable  the  young  philosopher  to 
interpret  the  book  of  Nature.  We  might  have  ascended  from 
vegetable  and  animal  Hfei  to  the  soul,  or  its  attribute  aad  emana- 
tion, mind  anil  reason ;  theace  to  the  attributes  of  the  SoprciBe 
Being.  But  here  we  find  no  connection ; — there  is  no  chain  of 
induction  to  lead  as  from  matter  to  mind ;  and  we  might  as  wcU 
attempt  to  create  another  planet  like  that  we  inhabit,  as  to  ex- 
plain how  man  moves  and  acts  without  the  intervention  of  lile 
and  mind ;  or  to  say  how  that  mind  could  possibly  result  from 
any  princii^es  inherent  in  matter.  Though  we  have  all  alcmg 
shewn  the  electricities  to  be  the  instruments  with  which  the 
material  world  is  put  in  motion ;  yet,  that  they  could  not  bnild 
the  beautiful  frame  of  Nature  by  their  own  directions,  must  be 
obvious  to  every  one ;  since,  evident  marks  of  contrivance,  and 
these  bearing  the  stamp  of  infinite  wisdom,  meet  us  at  eveiy 
turn;  so  that  nothing  seems  more  plain  than  this  conelvsion, 
that  a  Being  infinite,  in  power,  wisdom  and  benerolence  must  be 
the  Author  of  Nature. 

However,  there  is  no  need  to  adduce  arguments  toprore  that 
a  Supreme  Being  created  and  still  upholds  the  uiMverse,—diere 
is  no  one  now-a-days  who  would  not  consider  it  a  mark  ctf  soC^ 
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this  stapidity  to  deny  the  fact;  but  there  are  many  who  are 
cli^mouroas  for  more  tangible  proofs  of  his  interference  in 
human  affairs,  and  of  the  responsibility  of  man  in  a  future  state. 
Could  they  be  convinced  of  this,  or  rather  durst  they  allow 
themselves  to  admit  the  fact,  they  would  need  no  persuasives 
to  induce  them  to  catch  at  every  plausible  record  of  a  revelation 
that  has  the  character  of  proceeding  from  such  a  Being;  and 
then,  it  is  very  certain,  that  they  would  want  no  new  arguments 
to  convince  them  that  such  a  revelaUou  we  already  possess, 
which  bears  on  whatever  side  we  view  it,  the  most  evident  marks 
of  a  divine  original. 

Now  the  material  world  is  not  the  source  whence  we  are  to 
draw  direct  arguments  to  prove  the  need  of  a  revelation,  or 
Uiat  one  has  in  reality  been  given.  Those  which  it  furnishes 
are  rather  of  the  negative  kind,  and  are  such  as  follows :  we 
cannot  by  any  means,  while  viewing  the  mineral  kingdom,  Qnd 
any  arguments  to  prove  the  possibility,  or  even  the  ^tual 
«»istence  of  either  the  vegetable  or  animal  kingdom.  The  most 
apate  materialist  cannot  say  how  soil,  water,  air  and  heat  can 
assume  the  form  and  functions  of  even  a  mushroom,  much  less 
the  energetic  motion  of  the  race-horse  or  the  reasoning  faculty 
of  the  philosopher.  And  should  we  i^ow  him  one  step  farther, 
and  shew  him  an  lusorn  or  aa  egg ;  by  what  arguments,  from 
their  appearance,  can  he  prove  that  the  one  will  produce  a  trae 
and  the  other  a  bird  ?  Neither  is  he  any  better  if  we  give  him 
the  carcase  of  the  race-horse  or  the  body  of  the  philosopher  to 
dissect;  or  all  the  aids  of  chemical  analysis  to  investigate  the 
composition  of  the  egg,  the  acorn  or  the  mushroom.  If  there- 
fore we  can  find  no  arguments  in  the  mineral  kingdom,  for  the 
existence  of  the  vegetable  or  animal  kingdom ;  we  should  not 
wonder  if  no  circumstance  of  the  three  afford  any  direct  proof  of 
the  need  of  a  revelation,  or  tangible  evidence  that  the  same  intel- 
ligent Author  of  the  universe,  together  with  the  administration 
of  the  afiairs  of  Nature,  takes  cognizance  also  of  the  motives 
,«nd  actions  of  men. 

Again,  we  know  that  yegetable  life  imposes  nem  laws  on 
the  energies  of  maM^r;  we  k^ow  thai  ^niml  .life  is  mQre  per- 
fect than  vegetaJi>le ;  we  know  also  that  .span  is  endosf  ed  with 
Tea80|i;~-}>ut,  we  do  jaot  Jciiow  iiow  yege(,^b)e  life  is  co^ected 
with  matter,  we  know  not  how  anim^  Ijle  e^p^  the  vegetable^ 
neither  do  we  knpw  what  th^  humiAn  wtelio^t  is^  Aaiiual  li^ 
muj  be  n  BOfaeitmg  add^d  to  the  yeg^jK^Me,  «si|id  j^teU^,  may 
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be  but  another  step  in  the  same  scale  of  perfection ;  bat  they 
may  be  altogether  distinct.  If  therefore  we  are  ignorant  of 
these, — is  it  to  be  wondered  at,  if  we  have  no  manifest  demon- 
stration of  the  manner  in  which  the  sapreme,  eternal  Spirit 
holds  communion  with  the  soul  of  man  ?  All  are  equally  his 
workmanship ;  and  since  the  material  part  of  the  body  is  acted 
on  by  the  principle  called  Life;  and  this  is  again  partly 
under  the  dominion  of  reason ; — may  not  there  be  an  intimacy 
of  communication  between  the  spiritual  part  of  man,  and  the 
supreme  Spirit,  similar  to  that  between  reason  and  life,  or  be- 
tween both  and  matter ;  though  the  peculiar  mode  of  this  inti- 
macy be  still  placed  beyond  the  insurmountable  barrier  fixed 
between  us  and  a  manifest  demonstration  ? 

Revelation  teaches  us  that  the  reasoning  faculty  of  man 
depends  upon  a  soul  or  spirit,  whose  nature  is  nearly  allied  to 
the  Divinity  or  the  Supreme  Spirit,  and  which  like  it  is  immortal. 
It  has  also  made  certain  other  declarations  respecting  this 
soul,  which  it  has  not  made  respecting  the  life  of  animals  and 
vegetables.  Yet,  since  it  has  left  us  entirely  ignorant  of  the 
latter,  and  we  qannot  by  our  reasoning  faculties  search  out  their 
nature ; — why  should  we  pretend  to  cavil  at  what  is  revealed  of 
the  former,  because  we  imagine  there  are  many  circumstances 
not  revealed  which  we  are  unable  to  search  out  by  reason! 
And  if  this  is  the  case,  what  foundation  have  we  for  the  asser- 
tion, that  the  connection  between  vegetable  and  animal  life  and 
mere  matter,  is  less  beyond  the  reach  of  our  understanding  than 
the  union  of  an  immortal  spirit  with  a  perishable  body«  or  the 
medium  through  which  the  Deity  holds  communion  with  that 
spirit?  The  manner  in  which  Deity  became  invested  with 
man's  nature ;  the  mode  in  which  the  Deity  was  thereby  recon- 
ciled to  offending  man ;  the  mysterious  way  in  which  the  dead 
shall  be  raised;  and  the  final  accomplishment  of  the  eternal 
acceptation  of  virtue  and  reprobation  of  vice,  are  all,  it  is  true, 
entirely  beyond  the  reach  of  our  comprehension,  though  per* 
haps  not  equally  so ;'  but  since  we  know  nothing  of  the  distance 
of  any  of  them,  it  is  consequently  an  absurdity  to  say  that  any 
one  of  these  deep  questions  in  Theology  is  more  incomprehensible 
or  mysterious  than  the  nature  of  the  meanest  plant. 

It  may  therefore  be  asked — what  advantages,  in  a  religions 
point  of  view,  do  we  derive  from  the  study  of  the  philosophy  of 
Nature  ?  to  which  it  may  be  answered — many.  But  they  de* 
pend  upon  our  first  knowing  that  a  revelation  has  been  given. 
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and  on  oar  being  thoroughly  acquainted  with  it ;  for  then,  and 
not  till  then,  we  read  the  same  supreme  intelligent  Author  in 
bis  works  that  his  word  declares.  And  it  is  a  matter  of  no 
small  triumph,  and  the  utmost  we  can  expect,  if  we  prove,  as 
most  certainly  may  be  proved,  that  from  all  the  discoveries  in 
Natural  Philosophy  which  have  been  made  since  this  revelation 
was  given,  not  one  circumstance  can  be  adduced  as  affording 
solid  foundation  for  an  argument  that  the  one  contradicts  the 
other.  It  may  even  be  farther  safely  asserted,  that  by  whatever 
spirit  the  Holy  Scriptures  were  dictated,  that  spirit  was  ac- 
quainted with  the  whole,  and  apparently  much  more  than 
has  been  brought  to  light  by  the  reasoning  faculty  of  man ;  so 
that,  it  must  at  least  have  one  attribute  that  we  suppose  to 
belong  to  no  other  than  the  Supreme  Spirit,  namely,  inCnite 
Wisdom. 

Besides,  as  a  great  part  of  the  intellectual  enjoyment  of  man 
consists  in  contemplating  the  wisdom,  power,  and  goodness  of 
his  Creator ;  it  is  no  small  advantage  to  have  the  sphere  of  this 
contemplation  enlarged,  as  it  certainly  is,  by  the  science  of 
electro-chemistry.  For,  from  knowing  the  utmost  extent  of 
the  capabilities  of  mere  matter  in  the  mineral,  vegetable,  and 
animal  kingdoms,  he  is  more  perfectly  assured  of  the  wide  dis- 
tinction between  matter  and  mind.  He  is,  also,  enabled  to  trace 
the  divine  skill  through  all  the  phenomena  of  Nature  to  the 
origin  of  this  planet;  or,  commencing  with  its  origin,  he  can 
contemplate  the  different  stages  of  matter  from  its  first  emis- 
sion from  the  hand  of  its  Creator,  floating  forth  a  mere 
ocean  of  uncompounded  elementary  substances,  without  form 
and  void  and  with  darkness  on  the  face  of  the  deep,  till 
the  Almighty  Word  went  forth,  as  the  all  pervading  Spirit 
brooded  over  the  immeasurable  abyss,  and  said,  "Let  there 
be  light  **  and  these  hitherto  inert  elements  became  one  bound- 
less blaze ;  when  this  fair  frame  of  Nature,  arose  in  radiant 
beauty  from  the  chaos. 

He  can  now,  likewise,  with  more  precision  define  the  boanda- 
ries  between  what  is  known  and  what  is  not  known ;  between 
what  he  may  reasonably  expect  to  arrive  at  a  perfect  knowledge 
of,  and  what  he  must  ever  despair  of  fully  comprehending. 
He  sees  a  wide  field  wherein  future  discoveries  may  be  made 
by  his  own  unaided  powers  of  reason;  and  he  beholds  un- 
bounded regions  full  of  what  he  has  a  most  ardent  dekire  to 
become  acquainted  with,  but  what  he  feels  convinced  that  he 
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caanot,  except  by  direct  revelation  from  the  Aathor  of  Nature. 
His  conviction  that  something  has  already  been  revealed  it 
every  day  receiving  additional  strength ;  bat  at  the  same  dae 
be  is  convinced  that  as  yet  he  knows  but  in  part ;  however,  he 
is  forcibly  impressed  with  this  important  conclnsion,  that  every 
thing  he  sees  is  the  result  of  contrivance  tending  to  some  great, 
but  as  yet  incomprehensible  design ;  and  that  the  self-same  Beiag 
which  imposed  these  laws  on  matter,  with  sneh  visible  marks 
of  contrivance,  is  no  other  than  that  revealed  in  the  pages  of 
the  Old  and  New  Testament,  and  therein  represented  as 
clothed  with  the  attributes  of  inBnite  power,  wisdoon,  and 
benevolence. 

Nothing,  in  short,  seems  more  plain  than  this  inference,  that 
the  Word  of  God  and  the  Works  of  Nature,  as  now  displayed 
by  the  electro-chemical  principles,  are  but  comments  en  each 
other.  For  this  new  doctrine,  if  such  it  may  be  called,  teaches 
that  all  matter  is  elaborated  by  the  electric  principles ;  FegetaUe 
life  is  carried  on  by  new  laws  imposed  upon  tbem»  animal  life 
is  still  resident  in  them,  and  undonbtedly  the  soal  also  has  iti 
seat  in  them.  The  electric  fluids  are  identical  with  light  And 
the  Divine  Word  always  represents  the  Deity,  whether  as  die 
Shechinah  or  Angel  of  the  Covenant  in  the  Old  Testament,  his 
transfiguration  on  Mount  Tabor»  or  manifestation  to  St  Paol 
in  the  New,  or  the  immediate  presence  of  the  Triniiy  in  the 
Apocalypse  to  be  in  light  ineflfable.  It  is  evident,  therefere, 
thai  the  more  we  understand  of  the  secret  laws  of  Nature,  the 
better  foundation  we  have  for  this  conclusion,  viz.  that  the 
same  intelligent  Power  which  planned  and  created  the  Uni- 
verse, dictated  also  those  scriptures  which  the  better  part  of 
mankind,  that  liave  known  them,  have  always  considered  as 
records  of  the  divine  will.  But  as  this  supreme  InteUigeaee 
dwells  in  light,  and  the  human  soul  dwells  in  light, — if  there- 
fore we  cannot  f^proach  to  a  knowledge  of  the  latter,  which 
resides  in  only  so  much  of  the  electric  principles  as  elahorale 
but  a  mcjce  handful  of  matter,  and  we  ourselves  are  the  theatre 
of  the  action  :--how  can  we  possibly  reach  to  a  kaowlod^s  of 
that  Spirit  which  jresides  in,  aud  guides  the  elec^  eaeispai 
iba(£laboi»te  the  matter  ot  the  whole  wiiirfDnel! 
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With  the  Chreek  and  Latin  deriyations  of  roost  of  the  technical 
terms  made  use  of  in  this  work, 

N.  B.  The  derivation  is  only  given  when  it  elucidates 
the  meaning  of  the  word. 


Abdomen,  abdo  to  hide,  as 

including  the   intestines, 

689 
Absorbents,  586,  593,  615 
Acarrazas,  137 
Acetic  acid,  acetum,  vinegar, 

533 
Acids,  acidui  sour,  231,  237 

to  239 

—  how  distinguished,  238 

—  nomenclature  of,  240 

—  vegetable,  532  to  536 

—  animal,  574 
Achromatic, a  without  nQfOfta, 

chrdma  colour,  199 
Acoustics,  anovw,  akoud  to 

hear,  159 
Action  and  reaction,  101, 356 
Adamantine  spar,  296 
Adam's  apple,  161 
Adipose,  adeps  fat,  592 
Aenal  electrometer,  483 
Aeriforms,  ariQ,  aer  air,  120 

—  part  of  the  earth,  88 

—  motion  of,  96 

—  elasticity,  102 

—  caloric,  119 
Aeronauts,  atjg  and  vavt^jg, 

nautes  a  sailor,  157, 160,172 
Aerolites,  see  aer  and  lite, 
337,  359,  503  to  506      . 

—  analysis  of,  505 
Aerostatics,  see  aer  and  sta- 
tics, 96 

Aerostation^  aer  and  statio, 
96,156 


Affinity,  ajffinis  a  kinsman  by 
marriage 

—  chemical,  203,  208,  212 

—  affected  by  electric  char- 

ges, 224 
Agricultural  character  of  soils 

550 
Agate,  290,  292 
Air,  see  atmospheric 
Alabaster,  453 
Albumen,  573 
Alburnum,  561 
Alchemy,  arabic,  al  the,  and 

kema  black,  203 
AlchemisU,  204,  317 
Alcohol,  542 

—  expands  by  heat,  121 

—  never  freezes,  122 

—  used  in  steam-engines, 

133 

—  a  product  of  fermenta- 

tion, 539 

—  in  wine,  541 

—  effects  on  animal  econo- 

my, 613 
Ale,  539 

Alkalies,  arab,  al  the,  kali 
bitterness,  231 

—  described,  236 

—  volatile,  259 

—  decomposed,  279 
Alluvial,  alluvies  the  sediment 

of  land  floods 

—  islands,  396 

—  chronometers,  397 

—  coal,  443 
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—  Headon  Hill,  4T7 
Almanack,  nautical,  7, 67 
Altitade,  how  counted,  26 
Alum,  294,  463 

Alumina  or  alumine,  280, 203 

—  ingoils,  545 
Aluminm,  293  to  297 
Amalgam,  ufta  together  with 

yuftiiv  gamein  to  marry, 
333 

Amber,  269, 474,  536 

America,  climate  of,  144, 146, 
519,  620 

Amethyst,  296 

Amianthus,  302,  304 

Ammonia,  259 

Ammonites,  458 

Amplitude,  27 

Ansdization,  analysis  ava  ana, 
re  and  Xv6i0  lusis,  solu- 
tion, 205 

Andrias,  avdqoo  andros,  of 
a  man,  562 

Andes,  rains  of,  166 

—  how  elevated,  428 

—  extent,  398 

—  composition,  407 
Animals,  motion  of,  106 

—  eyes  of,  196 

—  creation  of,  392 

—  differ  from    vegetables 

571 

—  cold  bboded,  601 

—  dormant,  611 

—  affected  by  change  of 

weather,  617 
Animalcule,  205 
Animal  substances,    572 

—  economy,  599 

—  temperature,  599 

—  electricity,  606,  616  to 

624 
Animated  nature  570 
Annular,  annulus  a  ring 
Antarctic,  avu  opposite  to, 

see  arctic,  28 
Antimony,  330,  see  Johnson's 

Dictionary 


Anthracite,  or  Anthracolite, 
avSqanog  anthrakos  cmI, 
see  lite,  268,  438,  440 

Aorta,  579 

Aphelion,  ano  apo  at  a  dis- 
tance from,  and  ^haa  he- 
lios  the  sun,  31 

Apogee,  ano,  see  ge,  39 

Apple-trees,  563 

Apsis,  apsides,  axffi6  apsis,  a 
connection,  the  two  ends 
of  the  longest  diameter  of 
a  planet's  orbit,  31, 34, 39 

Aqua-fortis,  strong  water,*258 

Aqua-regia,  royal  water,  258 

Aqueduct,  113 

Arak,  542 

Arachnoides,  a^^cMrnoirarach- 
nion  spider's  web,  s.  oid,  193 

Arbor  Diana,  557 

Arbuta,  uva  ursi,  558 

Archimedes,  103, 192 

Arctic,  aQKio6  arktos  a  bear, 
the  northern  constellation 
of  that  name  through 
which  the  circle  passes,  28 

Argil,  argilla  potter's  clay,  293 

Argol,  534 

Aroma,  aQonfta  aroma,  fra- 
grance, 529 

Arrows  97 

Arsenic,  334  to  335 

Arteries,  581 

Asafoetida,  205,  529 

Asbestus,  302,  304 

Asphalt,  aaq)akvoa  asphaltos 
bitumen,  269 

Asphaltes,  Lake,  269,  435 

Asteroids,  aovQov  astron  a 
star,  see  oid,  3 

—  described,  65 

—  discovered,  72 

—  nebulous,  357 

—  density,  358 
Astronomy,  aOiqov  astron  a 

star,  and  vofAoO  nomos  a 
law  or  rule,  1 
Atlantic  continent,  443^  476 
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Atmosphere,  ar/io^  atmos  ra- 
pour,  and  ag)aiQa  sphaira 
a  sphere,  148  to  178 

—  part  of  this  planet,  8Q 

—  pressure  of,  114,  150, 

152 

—  composition,  148  to  150 

—  uses  of  pressure,  153  to 

155,  510 

—  regulates    evaporation, 

154 

—  auxiliary  cause  of  light, 

179 

—  of  the  planets,  372 

-^  renewed  by  vegetables, 
568 

—  temperature  of, 403, 141 

to  147,  516  to  523 
Atmospheric  air,  148 

—  weight  of,  88 

—  motion  of,  96 

—  resistance  of,  98 

—  a  slow  conductor  of  heat 

127 

—  capacity  for  vapour,  134 

135 

—  expansion  of,  152 

—  elasticity,  155  to  159 

—  combustion,  227 

—  why  inert,  230 
Attraction,  82  to  83 

—  planetary,  70 

—  of  stars  in  clusters,  81 

—  universal,  83 

—  varies  at    earth's    sur- 

face, 89 

—  cause  of  motion,  94 
•—  capillary,  114 

—  its  antagonist,  119 

—  of  particles  of  matter, 

121 

—  chemical,     exemplified, 

212  to  215 
Augite,  301,  303 
Auricles,  auricula  a  little  ear 
which  they  are  supposed 
to   resemble    in     shape, 
579 

4 


Aurora,  (L.  the  light  of  day- 
break) 
^-  of  Mars,  64 

—  comets,  352 
■^  sun,  370 

—  boreaHs,   northern,    485 

to  489,  500 

—  at  London,  491 

—  auairalis,  southern,  489 
Aurum  Musivum,  317 
Axis  of  earth,  16,  37,  72 

—  of  moon,  41 

—  of  lenses,  190 
Azimuth,  arab.,  27 
Azores,  436,  622 

Azote,  a  signifying  depriva- 
tion, Bndxmfi  zoe  life,  see 
nitrogen 

B 

Bagshot-sand,  447 
Bakeweli,  405,  523 
Balloon,  156,266 
Balsam,  530 
Barlow,  Mr.,  on  magnetism, 

377,  379,  385 
Barilla,  283 
Barium,  287  to  289 
Bark,  561 
Barometer,      Sagog,     baros 

weight,  see  meter,  151 

—  elevations  ascertained  by 

155 

—  rise  an<l  fall,  510 
Barytes,  6aQvg,  bams  heavy, 

287,288 
Barystrontianite,  280 
Basalt,  301,  430,  311 
Basin  of   Western  £arope, 

404,  424,  494 

—  London,  405 

—  Isle  of  Wight,  405,  478 

—  Paris,  405 
Basset  edges,  402 
Bathing  places,  140 
Battery,  Leyden,  322,  224 
Battering  Ram,  00 

M 
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Beaks.  572 

Bears,  611 

Beer,  539 

Bellows,  hydrostatic,  112 

Bell-metal,  326 

Bell,  Mr.  C.,  on  nerves,  597 

Benzoic  acid,  530,  585 

Benzoin,  535 

Beryl,  277,  298 

Bible,  395 

BUe,584,587,614 

Bismuth,  331 

Bissextile,  37 

Bitter  principle,  537 

Bitumen,  269,  440 

Black  lead,  241,268 

—  chalk,  301 

—  jack,  319 
Black,  Professor,  205 
Bladder,  587,614 
Blasting,  248 
Blende,  319 
Blight,  564 

Blood,  575,  580 

—  circulation  of,  580, 582, 

602 

—  organization  of,  610 

—  vessels,  579  to  581 
Blood-letting,  625 
Blowers,  266 
Blowpipe,  211 

Bodies  in  motion,  97,  99  to 
102 

—  elastic,  101 

—  expansion  of,  120 

—  charged,  221 
^heavenly,  formation   of, 

346 

density  of,  357 

—  nutgnetic,  376 

Body,    human,  temperature 
of,  124,  600 

—  electrified,  221 
Boilers,  128 
Boiling,  128 
Bolognian  stone,  288 
Bones,  279,  576 
Boracite,  270 


Borax,  270 

Boron,  270 
Boscovich,  216,  255 
Bovey  Heathfield  coal,  4tt 
Boyle,  Sir  Robert,  204 
Brain,  593  to  596 

—  how  supplied  with  dec- 

tricity,  602,  611 

—  affected  by  essential  oiU 

and  poison,  605 

—  residence  of  life,  627 
Brandy,  541 

Brass,  326 

Breeaees,  land  and  sea,  139 

Brewster,  Dr.,  on  moon,  63 

Bncks,  294 

Brimstone,  see  sulphur 

Brine,  110 

Bronchea,  579 

Bronze,  626 

Bruce,  513,  521 

Brunswick  green,  327 

Buffbn,192 

Burning,  see  combustion 

Burning-glass,  191 

Butter,  571 


Cadmium,  345 
Calamine,  319 
Calcedony,  290,  292 
Calcium,  aUx  lime,  285  to  286 
Calcareous,  see  lime,  285 

—  spar,  306 

—  soils,  553 
Calx  or  calces,  231 
Calculi,  534,  575 
Calms,  150 
Calomel,  325 

Caloric,    color  heat,  118  to 
147 

—  defined,  118 

—  cause  of  fluidity,  119 

—  combined,  123  to  125 

—  motion  of,  126 

—  dispersed    by  oTapora- 

tion,  136 
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—  how  formed,  209 

—  proportions   of  its  elc- 

menU,  211  327 

—  effects  on  combination  214 

—  decomposed,  217 

—  action  of»  254 

—  compressare,  256 

—  effects,  365,  368 
Calorimeter  122 
Cairngorm  292 
Calph  302 
Camera-obscnra  (a  darkened 

yaalt)  201 
Camphor  530 
Camphoric  acid  536 
Canoer  (disease)  615 
Cannon-balls  100 
Caontchoao  530 
Capricorn  (a    horned    goat) 

constellation 
Carbon,  carbo  a  coal  260  to 

270 
-T-  definite  proportions  210, 
211 

—  a  compound   substance 

215 

—  where  found  260 

—  minerals  268 
Carbonic  acid  263  to  264 

—  in  atmosphere  140,  609 

—  in  coal  mines  249 

—  composition  260 

—  parent  of  carbonaceous 

fossils  270 

—  product  of  fermentation 

539 

—  food  of  plants  555 
Carbonic  oxide  260 
Carbonates,  of  lime  263,  286 

—  crystallized  306,  307 

—  of  lead  329 
Carbnretted  hydrogen  264  to 

268 
^-  explosion  of  249 
Carburets  of  iron  268 
Cardia,    naQdia    kardia   the 

heart  585 
Cardinal  (chief)  points,  26 

4 


Carstone,  466 
Carnelian,  292 
Case  hardening,  70,  315 
Cassini,  37,  20 
Cavendish,  Lord  6,  205 
Caverns,  how  formed,  407 

—  where,  420,  451 

—  cold  of  518 
Caves  repeating  163 

—  Kirkdale  462 
Cawk  288 
Celestine  289 
Cellular  membrane  592, 
Cement  287 

—  Parker's  or  Roman  458, 
474 

Centre  of  gravity  71,  83  to  86 

—  of  solar  system  71 

—  bodies  rest  on  85 

—  bodies  in  motion  97 
Centrifugal,  (cemtrwn  centre, 

and  jMgio  to    fly  from,) 
force  70,  355 

—  effect  on  weight  90 
Centripetal,    (peio   to  seek) 

force  355 
Cerebellum  595 
Cerebrum  595 
Cerium  321,  ores  277 
Chalk  302 

—  system  466  to  472 

—  soil  546,  553 

—  magnesian,  548 
Chalkstones  575 
Chalk-marle  468 
Charcoal  244,  532,  260 

—  history  of  261  to  263 

—  mineral  268 
Cheese  573 

Chemistry,  arabic  kema  black 
Chymistry,  ;juoi  chuo  to  pour 
out  203 

—  state  of  the  science  215 

to  217 

—  vegetable  564 
Chiltem  hundreds  553 
Chili  147,  seldom  rains  176, 

507 

m2 
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Chimboraco  430 
Chimera  268 
China  294 

Chlorine,     xhoQog      chloros 
greQn.232  to  235 

—  supposed    a    compound 

216 
Cholera  Morbus  616 
Choke-damp  149,  249, 263 
Chyle  584,  585,  591 
Chyme  584 
Chromium,    XQ*^f*^    chroma 

colour  336 
Cimolite  302,  304 
Cinnabar  333 
Circles,  how  divided,  6' 

—  used  in  astronomy  16 
Circuit,  electric  219 
Cirrus  (a  tuft)  172 
Citric  acid  534 

Classes  of  plants,  562 
CUvs  572 
Clays  293 

—  common  294 

—  porcelain  295,  478 

—  Bradford  460 

—  Oxford,  dnnch,  or  fen 

462 

—  Rimmeridge,  or  oak  tree 

463 

—  weald  467 

—  plastic  ^2,  552 

—  London  473  to  47tf>  552 

—  soils  545,  552 
Clay-iron-st6ne  446 
Clayslate301,  415  to  416 
Cleveland  dyke  431 
Clepsydra  113 
Cleavage  307 

Climate  141  to  147 

—  of  Europe  changed  519 

—  cause  of  142,  143 

—  table  of  143 

—  rains  of  176 

—  unwholesome  620 
Clinkstone  301 
Clothes  127,  136 
Clocks  regulated  33 


—  water  111 

—  in  summer  and   winter 

121 
Clouds  172  to  175 

—  electricity  484,  500,  507 

—  remarkable  487 

—  volcanic  506 

—  chargeil  512 
Clunch  447,  469 
Coal  438  to  450 

—  explosion  in  mine»  248, 

266 

—  distillation  of  265 

—  blind-  stone,  culm  268 

—  composition  of  269' 

—  formation  of  441  • 

—  experiments  on  441 

—  kinds  of  440  to  448* 

—  in  Cleveland  454 

—  oolite  462 

—  plastic  clay  473 
Coal-fields  444  to  449 

—  foreign  449 
Cobalt  324 
Cockfield  dyke  431 
Cold  123 

—  weather  127^ 

—  in  America  144 

—  in  Thibet  147 
Columbium  337 
Colours,  prismatic  183 

—  explained  184 

—  origin  367 

—  sense  of  632 
Cokres  26 
Combination  208 

—  exemplified  212  to  115 

—  products  242 
Combustion,  comimro,  coaites* 

htm,  to  burn  118 

—  supporters  of  227 

—  process  232, 243  to  247 

—  products  224,  245 

—  spontaneous  249  to  260 
Combustibles  227,  228, 253 
Comets,  come^a  hairy  18  to  15 

350  to  353 
-"  periodical  return  14 
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—  motion  14,  72,  356 

—  nebulous  347 

—  formatioa  of  350  to  353 

—  perihelion  359 

—  vapour  359 

—  aerolites  504 
Completion  593 
Conaenser  157 
Conductors  218 

—  prime  220 
Conglomerate,  conyhmero  to 

heap  together  452 
Constellations  (a  company  of 
stars)  76 

—  of  zodiac  35 
Cook,  captain  144,  396 
Copal,  fossil  269 
Copper  325  to  327 
Copperas  241 
Copper-nickel,  323 

—  white  323,  325 
Coral  572 
Coral-rag  463 
ijomu  Ammonis  -458 
Corrosive  sublimate  332 
Cordials  543 
Cornbrash  460 
Corona  189 
Cornstone  416 
Cortical  layers  561-2 
Corundum  296 
Cottom-stone  458 
Cotyledons  559 
Couching  196 
Crassamentum  527 
Creation  388 

Crop  out  402 
CrysUls305  to311 
Crystallization    239  to  240, 
305  to  311 

—  water,  of  257 

—  magnetic  557 
Culm  269 

Cumulus  (a  heap)  172 
Curse  on  the  earth  388,  393 

894^  406,  432,  446,  549 
Cut  of  primaries  432 
.  —  secondaries  465 


Cuticle  592 

Cutis  (skin)  592,  593 

Cuvier  395 

D 

Days  of  creation  389  to  392 
Day  and  night  20, 27 

—  length  of  28,  30,  142 

—  adjustment  of  32,  34 

—  lunar  43 
Davy,  Sir  H.  205 

—  electricity  208 

—  definite  proportions  212 

—  hydrogen  215 

—  matter  216 

—  electrifying  machine  220 

—  sheathing  of  ships  224 

—  galvanic  apparatus  225 

—  muriatic  acid  232 

—  euchlorine  233 

—  crystallization  240,  307 

—  nitrogen  258 

—  safety  lamp  267 

—  on  earths  279 

—  silica  290 

—  glncine  298 

—  attraction  354 

—  meteors  359,  505 

—  heat  361 

—  tannin  531 
Dead  sea  269 
Declination  of  stars  26 
Decomposition  205  214 
Definite  proportions  209 
Deity 

—  comets    guided   by   Al- 

mighty power  15 

—  perfection  of  works  ques- 

tioned 72 

—  works  infinite  76,  81 

—  centre  of  the  universe  81 

—  peculiar  laws  of   water 

129,130 

—  provision  for  pl&nts  131 

—  the  eye  196 

—  electricities  obedient  to 

203 
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—  weighed  the  mountains 

206 

—  works  by  mathematical 

rales  212 

—  infinitade  of  skill  217 

—  might    annihilate    the 

world  228 

—  contrivance  ^the  impress 

of  Nature's  works  283 

—  formation  of  the  heavenly 

bodies  349 

—  creator  388  to  302 

—  spirit  389 

—  creator    of   the   human 

mind  395 

—  disposition  of  coal  and 

iron  447 

—  the  universal  deluge  482 

—  Almighty  6at  637 

—  disposition  of  soils  550 

—  wisdom  displayed  in  the 

animal  and  vegetable 
kingdoms  555 

—  love    displayed    in    the 

animal  and  vegetable 
economy  560 

—  contrivance  in  egg-shells 

576 

—  works,  how  known  563 

—  animal  life  594 

—  disposition  of  food  608 

—  constitnton   of  the  bile 

614 

—  author   of   Nature  and 

Revelation  634  to  638 
Deluge  397,  404,  481 
Deliquesce,  deliqueico  to  melt 

down  240 
Dephogisticated,    (pko/o^ 

phlogos  of  a  flame  229 
Derbyshire  spar  276 
Detergents,  detergens  wiping 

off  586,  614  to  616 
Detonating  balls  249 
Dew  173,  501,  508 

—  honey  564 
Diamond  260 

—  mines  261 


—  false  206 

—  light  of  366 
Diaphragm  588 
Digestion  603,  609 
Digits  50 

Dip  of  strata  402 
DiiuYium  480  to  482 
Disc  50 
Diseases  625 
Distillation  540  to  543 
Divellent,     dweUau     psUiDg 

asunder  213 
Diving  bell  158 
Dogstar  75 
Dogger  bank  397 
Dolomite  301,  390,  451 
Dolland's  achromatie  lent  190 
Dover  straits  471 
Draining  547 
Druid  stone  477 
Dmm  of  the  ear  170 
Dura  mater  594 
Daodenum  584 
Dying  531,  535 
Dyer's  spirit  317 
Dykes  429  to  433 

—  90  fathoms  445,  452 
Dynamics  Swafii6  dunamis 

power  96 

£ 

Ear  170  to  172 

—  external  164 
Earth,  a  planet  3 

—  astronomy  16 

—  diuraal  motion  20 

—  orbit  an  ellipsis  31 

—  irregularity  of  motion  32 

—  figure  and  circumference 

37,  89, 90 

—  as  seen  from  the  moon  43 

—  motion  of  axis  72 

—  in  a  fluid  state  83»  86 

—  attraction  84, 95 

—  divisions  of  mass  86 

—  surface  uneven  87 

—  weight  of  87 
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—  variation  of  attraction  89 

—  foimation  of  348,  353 

—  density  358 

—  a  magnet  373,  376 

—  creation  of  391 

—  animals  391 

—  shell  changed  393 

—  general  features  of  sur- 

face 395  to  401 

—  internal  structure  402 

—  descent  into,  at  London 

405 

—  first  state^  after  creation 

405 

—  concentration    of  mass 

406,481 

—  surface  entirely  changed 

406 

—  surface  of  primary  rocks 

408 

•  of  secondary  — 

409 

—  heated  nucleus  410, 485 

—  internal  composition  426 

—  subsidences  of    surface 

478 

—  soils  of  surface  549 
Earthquakes  489  to  494 

—  prognostics  490 

—  the  shock  490 

—  connected    with    volca- 

noes 493 

—  cause  of  493 

—  of  Sicily  494 

—  plague  621 
Earths  237 

—  incombustible  228 

—  how  formed  231 

—  decomposed  279 
Earthenware  294,  205 
Ebullition  128 
Echo  162 

Eclipse,  iiiXiixpia  ekleipsis  a 
defect  44 

—  number  of  46 

—  solar  46 

—  total  47 

—  partial  48 


—  duration  49 

—  lunar  49 

—  prediction  51 
Ecliptic,  (so  called  because 

eclipses  always  happen  on 
it)  5, 16 

—  obliquity  26,  35,  94 
Economy,  oixo6  oikos  a  house 

and  vofjioO  nomos  a  law  or 

rule 
Effloresce,  effhresco  to  bloom 

240 
Effluvia  marsh  623 
Eggs,  shells  572,  575 

white  of  573 

without  shells  577 
Elasticity  101,  309 
Electricity,    ekctrum   amber 

536 

—  cause  of  clouds  135 

—  life  of  matter  207 

—  two  kinds  of  207, 208 

—  described  208  to  209 

—  main  spring  of  Nature 

209,253 

—  calorific  proportion  209 

210 

—  uncombined  217  to  219 

—  vitreous  and  resinous  2 18 

—  elicited  218 

—  the  fluids  repel  &  attract 

221 

—  shocks  from  a  battery  222 

—  animal  222 

—  efiects  on  chemical  affin- 

ity 224 

—  phenomena  of,  and  gal« 

vanic  224 

—  of  minerals  310 

—  planetary  motion  354 

—  of  earth  and  atmosphere 

483,  507 

—  conductors  of  502 

—  marks  left  by  557 

—  vehicle  of  liro  564 

—  effects  on  plants  564-5 

—  devoured     by     plants 

568 


Digitized  by  VjOOQIC 


648 


INDEX. 


—  cause  of  animal  motion 

599 

—  effects  on  animal  econo- 

my 616  to  624 

—  medical  626 

Electric  energies,  the  movers 

of  natare  346 
Electrometer  484 
Electrum  536 
Elixirs  543 
Ellipsis  31 
Emerald  296,  298 
Emery  296 
Enamel  291 
Engine,  steam  133 

—  fire  159 
Eolian  harp  168, 169 
Epiglottis  581 
Epidermis,    nii   epi    upon, 

diQfia  derma  a  skin  560, 

592 
Ephemeris  (a  day-book)  7 
Equator  (a  divider  into  equal 

parts) 
Equinox,  tsquus  equal,  and  nox 

night  22,  26 

—  precession  of  35 
Equilibrist  86 
Esophagus,  585,  587 
Ether  543 

Ethiop's  mineral  333 
Euchlorine,  iv  eu'very,  see 

chlorine  233 

Euler  59 

Euphemia  435 

Evaporation  134  to  137 
— -dissipates  heat  136 
— -excites  electricity  482 

Eye  192  to  196 

Expansion  121 

Explosion  247  to  249 

External  forin  807 

Extractive  matter  531 


Faraday,  Mr.  385 
Farina  528 


Fasts  and  festivab  36 
Fat,  food  in  store  608 
Feathers  572 
Fecula  528 
Feeling  629 

Feldspar  (German  feldspath) 
303 

—  porcelain  295 

—  common  801 

—  mountains  of  414 
Fermentation  537  to  541 

—  uses  of  232 

—  process  242 
Fever  617,  619 

—  chlorine  used  in  232 

—  yellow  616 

—  jungle  619 

—  gaol  620 

—  typhus  621 

Fiat,  (let  it  be  done,  or  come 

to  pass) 
Fibre,  woody  532 
Fibrine,  Jibra  a  fine  thread 

574 
Fire  118,  207,  209 

—  quenched  136 

—  columns  of  499 
Fire-balls  350,  487 
Fire-damp  249,  265 
Fish  6(il 

Fisher,  Mr.  487 
Flame  244 
Flexibility  309 
Flint,  see  silica 

—  collision  with  steel  247 

290 
— gun  302 

—  chalk  469 
Flinty-slate  301,  416 
Flood,  Noah's  894 

—  of  the  north  177 
Flour  528 
Flowers,  parts  of  66S 

—  of  sulphur  271 

—  of  zinc  318 

—  of  Henjamitt  536 
Fluids,  motion  of  96 

—  elastic  102 
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—  gravitation  of  110  to  114 

—  caloric  of  1 19 
Flaidity  119 

—  caloric  of  123 
Fluates  276,  286 
Flaor  (a  flax)  276 

—  at  surface  of  veins  428 
Flooric  acid  275 
Fluorine  275  to  276 
Food,  with  vital  air  606 

—7  organs  for  assimilating 
584 

—  of  plants  554 
Forests,  sabmarine  478 
Forest-marble  460 
Fountains  113,  114, 116 

—  of  Hiero  157 

—  artificial  159 

—  temperatore  of  124 

—  Iceland  291 

Fossils,  famlii  dng  np,  see 
minerals 

Fracture  308 

Frangibility  308 

Franklin,  Dr.  513 

Franklin,  Capt.  486 

Freezing  process  130 

Fresh  water  formations  477 

Frog  601 

Fructification  561 

Fruits,  preserved  538 

Fuller's  earth,  (composition 
of,  omitted,  53  silex,  10 
alumine,  0*5  lime,  1*25 
magnesia,  9*5  ojude  of 
iron,  1  muriate  of  soda, 
24  water)  459 

Fulcrum  102 

Fulminating,yu/mtfn  lightning 

—  compositions  247,  249 
Fungi  (mushrooms)  570 
Furs,  shaded  335 


Gadolinite  289 
Galena  329 
Gallic  acid  535 


4  N 


Garnet  293 
Gas  119, 120 

—  of  atmosphere  148 

—  simple  256 

-^  lighting  streets  265 
Gasometer,  265 
Galvanism  222  to  228 

—  medicinal  626 

—  experiments    on     dead 

bodies  627 
Garlic  526 

Gastric  juice,  ym6tijQ  garter, 
the  stomach  603 

—  organs  588 
Ge,  yti  ge  the  earth 
Gelatine,  gelatut   frocen  or 

formed  into  jelly  673 

—  vegeto-aniteal  principle 

528 

—  in  bones  577 

Gen,  yivoiiau  ginomai  to  be 

made  or  done 
Genus,  pi.  genera  (a  kind) 
Geocentric,  (having  rdatiom 

to  the  earth's  centre)  8 
Geology,  (see  ge  and  logy) 

387  to  482 

—  defined  300 

—  sources  of  information 

387 

—  dry  land  appears  890 

—  foundation  of  402 

—  state  of  the  science  404 
Georgium  Sidus,  see  Uranms 
Giant's  Causeway  430, 432 
Gin  542 

Glass  291,  328,  335 
Glance  bismuth  332 
Glands  586 

Globe,  artificial  terreatriai  IS 
28 

—  places  en  24 

—  celestial  95,  34 
Glottis  160 
Glow-worm  274 

Qlucina  cjp  g^voir^,    }A>muo 

glukus,  sweet  298 
Glucinum  298^  100 
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Glue  673 
Glaten  628 
Gneis  412,  306 
Goitres  236 
Gold  330  to  342 

—  speciGc  gravity  108 

—  fulminating  249 

—  Mosaic  317 

—  where  found  341,  342 
Golden-calf  341 
Granite,  granum  a  grain  411 

—  constituents  302 

—  formation  306,  811,  407 

—  dispersed  blocks  410 

—  veins  and  age  414 
Graphite  226 
Gravitation,  gravity,  gravitas 

weightiness  107 

—  theory  of  364 

—  see  attraction 
Greek  wildfire  248 
Green  stone  301,  413,  429 
Green  sand  468 

Green  earth  302 
Greywack^  416 
Grey  weathers  477 
Grotto-del-cane  263 
Gulf  stream  129 
Gum  626 

—  resins  and  elastic  630 
Gunpowder  133,  247 
Guns,  air  167 
Gymnotus  606 

Gypsum,  yv\\toq  gupsos  white 
272,463 

H 

Haematite,  'ixijuo^  blood  316 
Harl  608  to  609 
Hair  672 

—  rendered  black  331 
Halo  174, 189, 190 
Hammers  99, 100 
Hardness  309 
Harmattan  (Fantee  a  season) 

620 
Hartshorn  268 


Harvest  moon  61 
Headon  Hill  476 
Health  616 
Heart  679,  689,  627 
Hearing  160 

—  trumpet  163 

—  sense  of  630 
Heat  118 

—  radiation  and  reflection 

126 

—  transmission  &  conduct- 

ing 126  to  129 

—  dissipated    by  evapora- 

tion 136 

—  theory  of  361 

—  connective    medium    of 

life  and  matter  664 

—  vegetable  668 

—  animal  601  to  606,  612 
Heliocentric  (having  relation 

to  the  sun's  centre)  8 
Hemisphere  (half  of  a  sphere) 

—  the  Magdeburg  154 
Herschel,  Sir  W. 

—  sun  67,  368, 371 

—  moon  62 

—  asteroids  66 

—  uranus  69 

—  fixed  stars  76 

—  universe  77,  347  to  349 

—  milky  way  79 

—  clusters  of  stars  80 
~  comets  360,  363,  369 

—  light  362 

Herschel  planet,  see  Uranus 
Highgate  archway  474 
Honey  627 
Honey-dew  664 
Home,  Sir  £  676 
Hoofs  672 
Hops  639 
Horizon  17 

Horneblende    (mixed    with 
horn-like  grains)  413 

—  common  301 

—  basaltic  302 

—  resplendent  313 
Horns  672 
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Hotsprings  411,  436 
Horse,  power  of  104 
Hudson's  Bay,   cold   of  124 

131,   144 
Humboldt  on  saperposidon  of 

rocks  4 17 

—  on  strati6cation  419 

—  rolcanoes  of  Andes  436 

—  oolites  465 

Hume's  permanent  white  288 
Hurricanes  494  to  496 

—  prognostics  495 

—  origin  511 

—  extent  513 

—  region  of  514 

—  of  the  Andes  520 
Hydraulics, 'Wai()  hudor  wa- 
ter avXoa  aulos  a  pipe  96 

Hydrodynamics,  ^'vdrnQ  and 
dvifafiiO    dunamis  power 
96 
Hydrometer,  see  meter  109 
Hydrostatics,  see  statics  96 
Hydrogen,    see   hydro    and 
gen,  255  to  257 

—  a  simple  substance  215 

—  basis  of  the  metals  216, 

255 
« —  capacity  for  oxygen  254 

—  gas  procured  256 

—  minerals  257 
Hygrometer,  %yQog  hugros 

moisture,  see  meter  152 
Qyperoxymuriates,      'vmQ 
nuper  above,  see  oxygen 
and  muriate,  235,  249 


Ice^  cause  of  119 

—  caloric  of  123 

—  bergs  131 

—  crystals  308 

—  at  poles  396 
Iceland  291  Jade  302 
Icthyosaurus,  ikBvq  icthus    a     Jasper  292  414 

fish,  and  gavQog  sauros   a     Jaundice  587 
liiard458  |  Jelly  573 

4Ng 


Ignis  fatuus,  (a  foolish  fire) 

274 
Inclined  plane  105 
Incombustible  228 
Indian-rubber  530 
Indigo  531 
Inflammable  substances  249 

to  250 
Ink,  from  charcoal  262 

—  s)^mpathetic  324, 332 
Instinct  633 
Insulated  219 
Instruments 

—  wind  161 

—  stringed  166 

—  optical  196  to  201 

—  musical  327 
Intestines  584,  585,  587,  591 
Invalids  in  storms  618 
Iodine,  ioiitig  iodes,  of  a  vio- 
let colour,  235 

Intermediate  rocks  415 
Iridium  iQtg  iris,  the  rainbow 

345 
Iron,  313  to  316 

—  expansion  by  heat  121 
— .  combustible  242 

—  latent  caloric    243 

—  crystalline  309 

—  magnetic  374,  383 
Iron-clay  302 
Iron-stone  446 
Iron-sand  466 
Iserine  322 
Isinglass  573 
Islands,  new  396 

—  formation  of  397 

—  volcanic  435 
Israelites  388 
Ittrium  299 
Ittria  280 
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—  cohesion  of  119 
Jonillo  436,  437 
Jalian  year  37 

Jupiter,  apparent  motion  10 

—  satellites  11,  66,  358 

—  appearances  61,  66 

—  belte  66 

—  motion  disturbed  72 

—  density  358 


KeiU,  Dr.  205 
Kelp  283 

Kelloway  rock  462 
Kepler  32 

Kerme's  mineral  330 
Kernels  574 
Keysei^s  pill  333 
Keynote  169 
Khnmseen  521 
Kidneys  587,  614 
KtHas  415 
Kimmeridge  clay  463 

—  coal  of  442 
Kingdoms  525 
King's-eyfl  615 
Kirkdale  462, 481 
Koumis*542 


Lac  574 
Laccic  acid  574 
Lactic  acid,  lac  milk  535 
Lacteals  584,  585 
Lake,  colour  336, 531 
Lakes  of  water  401  409 

—  volcanic  435 
Lamp  black  244 
Lapis  Lazuli  293 
Lapis  oUaris  414 
Larynx  160,  581 
Latitude  (width)  24,  25 

•^  of  the  heavenly  hodiea 
26 
Lanrel574 
lAva434 


Lavender  water  5M 
Lavoisier  245 
Lead  328  to  329 

—  definite  proportions  211 

—  contains  silver  344 
Leather  532 

Leaves  556 
Leewenboeck  205 
Lemnian  earth  302,  304 
Lens  190  to  193 

—  crystalline  193,  194 

—  achromatic  199 
Lever  102,  106 
Lias  457  to  459 

—  formation  409 

—  organic  remains  456 
Lichen,  i^ijnr/f  leichen  liver- 
wort 570 

Life,    effects    on    chemical 
afinity  230,  524 

—  depends  on  circulation 

525 

—  in  germination  557 

—  nature  of  unknown  683 
Ligament  577 

Light,  velocity  of  11,  76,179 
— ^  mechanical  laws   179  to 
202 

—  intensity  and  direction 

180 

—  refracted  181  to  183 

—  composed  of  colours  183 

—  reflected  186 

—  promotes  crystalUsatioB 


—  theory  362 

—  polarization  363 

—  first  390 

—  effects  on  plants  566 
Light  and  heal  207 

—  theory  360  ta  368 
Lignite,  lignum  wood  442 
Lightning  500  to  502 

—  cause  of  thunder  165 

—  forked^  zigzag  501 

—  rods  502 

"~  application  502 

—  bodies  kUled  by  617 
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Zaine285 

—  burning  263 

—  decomposed  280 

—  minerals  206 

—  cement  287 

—  in  soils  546  to  548 
Limestone  263 

—  bituminous  302   . 

—  magnesian  302,  450  to 

452 
soils  of  553 

—  formation  406 

—  crystalline  413 

—  carboniferous  or  moun- 

tain 420 

—  alpine  452 

—  soil  of  553 
Lines  in  astronomy  16 
Line  of  direction  84 

—  bodies  turn  thereon  85 
Liqueurs  543 

Liquor  of  Libavius  318 

Lite,  h$og  lithos  a  stone 

Litharge  328 

Lithie  acid  575 

Lithium  284 

Liver  586,  50in  614 

Lirer  of  sulphur  834 

Loadstone  316,  372 

Longevity  613 

Logy,  Xoyo(T  logos  a  word  or 

discourse 
London,  temperature  of  124, 

142 
Longitude  (length)  24 

—  of  heayenly  bodies  26 

—  how  found  67 
Looking  glass  186 
Lunar  caustic  343 
Lunation,  Luna  the  moon.  39 
Lunarians  43,  50 

Lungs  581  to  563 
Lymph  586 
Lymphatic  system  586 

M 

Haccollocfa  on  primary  rocks 


410, 414 

—  on  old-red-sandstone  416 

—  coal  441 
Machine,  electric  219  to  222 
Magnet,  magnet  the  loadstone 

316,  372 

—  power  of  374 

—  armed  375 
Magnetism  372  to  382,  383 

—  imparted.  374  384 

—  Barlow's      experiments 

379 

—  local  attraction  380 

—  aerolites  506 

—  effects  on  crystallization 

557 
Magnetic  poles  373,  378,  519 

—  dip  373,  381 

—  meridian  373 

—  needle  374 

—  bars  374,  375,  381 

—  permanently  375 

—  passively  376,  377 

—  equator  377 

—  plane  of  no  variation  378 

—  axis  not  stationary  381 

—  fluids  and  molecnles  383 
Magnesia  286, 280 

—  in  soils  549 
Magnesian  fossils  287 

—  limestone    302,   450   to 

452 
Magnesium  286  to  287 
Magic  Lanthem  201 
MaParia  619 
Malic  acid,  malum  an  apple 

535 
Malleability  125 
Malt  538 
Maltha  269 

Mammoth  (son  of  the  earth) 
Man,  created  392 

—  expelled  from  Paradise 

392 
Manganese  319 
Manures  556 
Map,  geologieid  405 
Marble  302 
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—  stataary  413 

—  secondary  420 

—  forest  460 

—  Purbeck  464 

—  Petworth  467 
Maries,  red  452 

—  chalk  468 

—  soils  548,  553 
Mariner's  compass  375 

—  variation  of  376 

—  on  shipboard  370 

—  corrected  380 

—  daily  variation  382 

—  aurora  borealis  486 
Mars  64 

—  appearances  61 

—  belts  66 

—  density  358 

Martial  pyrites  (Mars  the  God 
of  iron,  and  any  stone  from 
which  fire  may  be  obtain- 
ed) 272,  440 

—  injOammability  250 
Massicot  328 

Matter,  transformation  of  205 

—  not  lifeless  207 

—  same  in  essence  216 

—  nebulous  347 

.  —  distinct  from  mind  634 

to  638 
Mechanic  powers  102  to  106 
Mechanics  06  to  102 
Medicine  624 
Mediastinum  589 
Mediterranean,    evaporation 

of  135 
Medulla  oblongata  (the  length- 

ened  marrow)  595 
Mellite  269 
Membrane  573,  592 
Membrannm    tympani     (the 

pelt  of  the  drum)  158, 170 
Mercury  (planet^  60 
— •  transit  9 

—  density  358 
Mercury  (metal)  332 

—  freezes  122 
Mercury^  white  334 


Meridian,  meridiei  mid-day, 

17,24 
Merry  dancers  485 
Mesentery  591 
Metals,  remarks  on  312 
-^  expansion  by  heat  121 

—  probably  not  simple  sub- 

stances 215 

—  degrees  of  attraction  for 

oxygen  286 

—  combustible  242 

—  oxygen  combined  243 

—  occur  in  veins  300 

—  separated  from  ores  31^ 

—  constitute  earth's  centre 

390 

Metallic  ores  and  veins  305 
425 

Metalloids,  see  oid  278 

Meteorology,  fiirita^  mete- 
ora,  anv  thing  taking  place 
or  produced  in  the  atmo- 
sphere, see  logy  483 

Meteors  503,  504 

Meter,  fitvQov  metron,  a  mea- 
sure 

Mica,  mtcoM  glittering  276 

—  used  in  safety  lamp  267 

—  analysis  301 

—  described  303 
Mica-slate  412 
Microscope,  (uxqo^  little,  see 

scope  197 
Midriff  583,  588 
Milk  575 
Milky-way  79 
Millstone  grit  421 

—  coal  of  447 
Mines,  depth  of  401 

—  metallic  425  to  429 
Mineral,  cameleon  320 

—  green<'326 
Mineralogy,  minerule  a  fossil, 

see  logy  299  to  305 
Minerals,  electric  310,  317 

—  combustible  255 

—  contain  water  257 

—  bituminous  269 
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~  Btalactilic  290 

—  extemiil  characters  307 

—  magnetic  376 
Mirronrs,  plane  186 

—  convex  187 

—  concave  188 

—  burning  glasses  102 
Mississippi  396 
Mocksnn  174, 189 
Molasses  527 

Mole  (river)  472 
Molybdenum  335 
Momentum  99  to  102 
Monsoon  (season)  139 
Monte  Nuovo  436 
Moon,  magnitude,  orbit,  &c. 
39 

—  librations  41 

—  phases  or  change  41 

—  day  and  night  of  43 

—  apparent  diameter  47 

—  table  of  nodes  5L 

—  harvest  5L 

—  southing  53 

—  described  61 
Mordant,  'morden$  biting  531 
Morphine,  Morpheus,  the  god 

of  sleep  537 
Moroxite  275 
Moss-coal  443 
Motion  94  to  99 
— ^  imparted  95,  99  to  102 

—  accelerated  96,  97 

—  compound  102 

—  planetary  10,  70 

—  theory  of  354 

—  illustrated  360 

—  diurnal  20 

—  amma/ 106,  594,   610  to 

614 
Mould  544 
Mountains  398  to  399 

—  barometrical  height  155 

—  rains  of  176,  507 

—  how  elevated  407,  409, 

424,437 

—  summits    charged   507, 

516 


—  temperature  of  516 
Musical  strings  165 
Mucilage  526 
Mucous  acid  535 

—  membrane  592 
Mucus  526 
Multiplying  glass  202 
Muriates,  muria  brine  234 

—  of  ammonia  260 

—  gold  341 

—  ofioda  234     ' 

—  used  in  earthen- 

ware 295 

—  mines  of  453, 454 

479 
Muriacite  273 
Muriatic  acid  233 

—  base  of  232 
Muscles  573,  577  to  579 

—  contraction  of  578,  611 
Muscovy  glass  303 

N 

Nadir  17 

Nails  572 

Naphtha  269,  281 

Narcotin,  vaQxtj  narke,  tor- 
pour  537 

Native  313 

Nature,  the  operations  of  the 
Deity  upon  matter,  see 
Deity 

Nebulas,  nebuia  a  mist  or 
cloud  80,  81 

—  formation  346  to  349 
Nebulosity  346 

Needle,  magnetic,  see  mari- 

^  ner's  compass 
Nerves  573,  593  to  598 

—  pairs  of  590 

—  affected  by  storms  618 

—  office  627,  628 
Newton,  Sir  I.,  earth's  figure 

37,90 

—  tides  54, 94 

—  sun  57, 

—  uranu8< 
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—  solar  system  72 

—  light  179,  362 

—  matter  216 

—  gravitation  354 

—  repulsion  356 
New  Caledonians  304 
Nickel  323 

Night  perpetaal  348,  see  day 

and  night 
Nitre  247,  258 
Nitrogen  (nitre  &  gen  which 

see)  207»  257  to  260 

—  in  atmospheric  air  231 
-^  animalization  572,  607 

Nitric  acid  229, 257 
Nitrates  258,  259 
Nitromnriatic  acid  23d,  258 
Nitrons  oxide  gas  231,257, 

258 
Nodes,  nodu9  a  knot  51 
Nomenclature  238 
Nonconductors  218 
Northern  Lighto  485 
Nucleus,  a  kernel 
Nutrients,    nutrio  to    nurse 

580 
Nutrition,  610  to  614 

O 

Oak  561 

Oblate  (flatted  at  the  poles) 

Obsidian  301,  424 

Occultation  9 

Ocean,  agitated  87 

—  caloric  of  129 

—  level  419 
Ochres  294 

Octaves,  octavw  the   eighth 

161,  166 
Oil,  olive  244 
-^mineral  269 

—  fixed  528 

—  how  purified  529 

—  drying  529 

—  volatile  529 

—  essential  poisonous  605 

—  animal  574 


Old  9  oids  or    oides     a^og 

eidof ,  likeness 
Omentum  590 
Onyx  292 
Oolites,  w>w  don,  an  egg,  see 

lite  455  to  465 

—  elevation  407 

—  coal  442 

—  formation  of  455 

—  minerals,    and    organic 

remains  456,  461 

—  division  457 

—  soil  553 

—  greai459 

—  inferior  459 

—  where  found  464 

—  compared  with  the  chalk 

system  466 
Opera  glass  200 
Optics  179 
Oj[>tical  instruments    196  to 

201 
Opposition  defined  8,   42 
Orbit,  orbita  a  circular  eonrse 
Organ  OQyavov  organon,  an 

instrument 
Organic  remains  403,  438 

—  products  of  a  warmer 

climate  410 

—  of  Stonefield  461 

—  chalk  469 

—  strata  above  the  chalk 

472 

—  London  clay  474  • 

—  diluvium  480  to  482 
Organization  560 

Ores,  how  formed  428 
Orion  80, 347,  348 
Orpiment  335 
Osmium,   ogfifj  osme  odour 

320 
Otomaques  304 
Oxalic  acid  533 
Ox-eye  495 
Oxford  elay  46d 
Oxford  oolite  463 
Oxidation  341 
Oxides  231,  335  to  836 
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Ozyg6B,  o|i;0  oxus  sour,  see 
gen  229  to  232 

—  definite  proportions  210, 

211 

—  an  element  215 

—  spoken   of  as  the  onljr 

vehicle  of  the  nega< 
live  fluid  228 

—  why  sweet,  inert,  or  cor- 

rosive 230 

—  vital  air  230 

—  its  modes  of  combina- 

tion 241  to  252 

—  cause  of  fermentation  242 

—  of  rancidity  243 

—  quantity  used  in  combus- 

tion 245 

—  in  respiration  245 

—  gas  procured  320 

—  on  surface  of  substances 

otiO 

Oxygenization  241 
Oxymuriatic  gas,  see  chlorine 


Padding  592 

Paley,  Dr.  354 

Palladium,  Pallas  the  goddess 

Minerva  344 
Pancreas,  nav  pan  all,  xfea6 

kreas  flesh  587 
Papin's  digester  573 
Paradox,  hydrostatic  112 
Parallax  (difference)  73 
Paraselene,  na^a  para  besides 

^tXfivtj  selene,  the  moon  190 
Parhelion,  naga  and  ^fjXioO 

helios  189 
Parenchyma,  naQiv^Vfa  pa* 

renchud  to  poor  through 

559,560 
Parker's  cement  458, 474 
Parkes'  chem.  catechism  278 

—  on  soda  283,  355 
Party,  Capt,   on  magnetic 

pole  378 
Parotid  gland  587 


Particles^  original  205^  206 
Patent  yellow  328      ^ 
Pearl  572 

—  ash  281 

—  white  331 
Peat  443 
Pelletier  232 
Pendle  460 
Pendulum  89,  98 

—  expansion  by  heat  121 
•—  compared    to     musical 

strings  166 
Pennitie  chain  (a  name  given 
by  the  Romans  and  re- 
sumed    by    Conybeare) 
420  to  425 

—  bitumen  440 

—  surrounded  by  coal  447 
Penimbra|»eftet  ahnost,  and 

umhra  a  shadow 
Perfumes  529 
Pericarp    mQi    peri    about 

naoTTog  Karpos  the  seed 

561 
Pericardia  na^tm  kardia  the 

heat  589 
Perigee  see  ge  51 
Perihelion  (about  or  near  the 

sun) 
Peritoneum  589 
Peroxide  236 
Persees  268 
Perspiration  dissipates  heat 

136,  593,  614 
Peru  147 

—  seldom  rains  176,  507 
Petrifying  springs  264 
Petroleum  269 

Pewter  317 
PharmacoUte  286 
Phantasmagoria,   (pavtagiAa 

phantasma  a  phantom,  and 

ymQiaw  goriao  to  laugh  at 

201 
Phasis  (an  appearance)  41 
Phosphorus,  9(u(j  phds,90^^ 

phoros  bearing  279  to  275 
Phosphate  of  lime  274,286,309 
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Phosphorite  275,  286 
Physic,  theory  of  624 
Pia-mater  595 
Picture  of  Newcastle  onTyne 

266,439 
Pigeons  156 
Pilatre  256 

Pillars  of  sand  499,  522 
Piloras  585 
Pinchhlende  326 
Pins  317 
Pisolite  463 
Pitch,  mineral  269 

—  stone  302,  434 

—  blende  323 
Plague  617, 621 

Plane  of  earth's  orbit  defined 

6,17 
Planets,  nXavtivtjg  planetes  a 

wanderer 

—  why  so  called  2 

—  classed,  names  and  cha- 

racters 3,  5 

—  tables  of  distance,  mag- 

nitudes, &c.  5,  80 

—  motions  7, 10,  70 

—  diurnal  motion  20 

—  orbits  ellipses  31 

—  irregularity  of  motion  32, 

71 

—  do  not  eclipse  the  sun  50 

—  light  and  heat  of  69,  370 

—  centre  of  gravity  71 

—  distance  found  73 

—  motion  communicated  to 

100 

—  formation  348,  350,  369 

—  densities  357 

—  atmospheres  372 
Plants, how  distinguished  562 

—  rays  of  light  362 

—  composition  526 

—  food  of  554 

—  germination  557 

—  organization  560 

—  renovate  the  air  568 

—  species  propagated  563 

—  near  thunder  rods  565 


—  emit  water  &c.  by  night 

566 

—  turn  towards  light  and 

the  sun  567 
Plastic  clay  472  to  473,  439 
Plaster  of  Paris,  see  gypsam 
Plate  (silver)  108 
Platinum  or  platina  (little  sil- 
ver) 338  to  339 

—  affinity  for  hydrogen  216 

267 

Playfair  on  musical  string8l67 

Plesiosaurus,  Ttkrjgiog  plesios 
akin  to,  gavQog  sauros  li- 
zard 458 

Pleura  589 

Plexus  597 

Pliny  271 

Plumbago  268,  440 

Plumula  559 

Pneumatics,  nwtvfAa  pneama 
the  wind  96 

Point,  cardinal  26 

—  oscillation  98 

—  percussion  99 
Poison  605 
Polarities  306 
Polehampton,     spontaneoas 

combustion  250 

—  aerolites  503 
Pollen  562 

Polype,  noXvO  many,  noifi 

pons,  a  foot  570 
Ponderous  spar  272 
Porcelain  286,  294 

—  clay  295 

—  Reaumur's  311 
Porter  223 

—  vaU263 
Porphery  429 
Portland-stone  464 

Potas  or  potash  and  potas- 
sium 280  to  282 
Potatoes  528 

—  brandy  of  542 
Potstone  301,  401 
Potter's  clay  402,  473 
Powder,  blue  324 
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Powder,  percussion  235 

—  gun  247 

—  Algaroth  330 

—  James'  330 
Precipitation  213 
Press,  hydrostatic  112 
Priestly,  Dr.  205,  229,  257 
Prince's  metal  326 
Prime-conductor  220 
Prints  cleaned  233 
Prism  183 

Projectile  force  356 
Prolate  (extending  beyond  an 

exact  round) 
Prussian-blue  574 
Prussic  acid  574 
Pudding-stone,      (cemented 

gravel;  421 
Pulley  104 
Pulsation  581 
Pulse-glass  154 
Pumice  302,  424 
Pump,  common  115 

—  lifting  116 

—  air  152 

—  forcing  159 
Purbeck-stone  464 
Putrefaction,  use  of  232 
Puzzolano  424 
Pyrites,  see  martial 
Pyrometer,  ttvq  pur  fire,  see 

meter  122 
Pyrosoma  Atlanticum  274 

Q 

Quartz  (foursquare,  the  form 
of  its  crystals)  291 

—  rock  301,  302 

—  extent  414 
Quadratures  8 
Quern-stone  466 
Quicksilver,  see  Mercury 
Quintessences  543 


B 


ftaddle  294 


Radicle  (radicula  a  little  root) 

559 
Rain  506 

—  quantity  and  distribution 
175  to  178,  507 

—  red  505 
Rainbow  184  to  186 

—  Lunar  186 
Rains,  The  140 
Rays,  colours  183 

—  heat  183 

—  effects  362 
Reason  634 
Realgar  335 

Receptaculum  chyli  585 
Reflection  186 
Refraction  181 
Rennet  573 
Repulsion  94, 101 

—  cause  of  119 

—  insuperable^  121 
Resin  530 
Respiration  245 
Retina  (a  net)  192 
Retinasphaltum  270 
Retorts  541 
Revelation  72,  395 

—  proofs    of    authenticity 

635  to  638 
Retrograde  (retro  backwards, 

gradior  to  go) 
Rheumatism  626 
Rhodium,   ^'Qodov  rhodon  a 

rose  334 
RickeU  576 
Right  ascension  26 
Rivers  399  to  400 

—  use  of  87 

—  why  run  to  the  sea  114 

—  periodical    overflowing 

177,  523 

—  channels  of  409 
Rocks,  are  salts  231 

—  how  disposed  300,  456 

—  fused  by  heat  304 

—  when  formed  394 

—  submarine  forming  396 

—  how  broken  Sec.  407 

o3 
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—  primary  410  to  416 

—  transition  415  to  419 

—  contain  coal  438  to  440 

—  soil  of  664 

—  Hnmboldt'fl  arrangement 

417 

—  formation  of  418,    419, 

422,424 

—  metalliferous  427 

—  salt  463 
Roe-stone  469 
Rope  dancers  86 
Roseberry  Topping  461 
Rowley  rag  432 
Rnby  296 

Rum  641 
Rust  231 

S 

Saddleback  422  to  426 
Safety  lamp  267  937 
Sal-ammoniac  269  260 
Sal-  acetoselldd  534 
Saline  drauglbt  534 
SaUya  687,  603, 6b4  . 
Sal-sola-soda  283,  266 
Salt,  see  muriate  of  soda 
Salts  231 

—  incombustible  228 
•—  smelling  260 

—  Epsom  273 

—  Glauber's  273 

—  Rochelle  634 
Salwort  283 

Samiel  or  Samyel  (poisonous 

wind)  622 
Sandstone,  old-red  416  to  417 

—  new-red  452,  450  to  466 

—  coal  of  442 

•^  of  coal-measures  446 
Sand,  Bagshot  477 

—  iron  466 

—  green  467 

—  pilla)rs  of  490 

—  toils  650  to  662 
Sap  526 

—  circulation  661 

—  ascent  565 


Sapphire  296 
Sarsden-stone  477 
Sardonyx  292 

Satellites,   $ateUe$    an  atteiir 
dant  3 

—  table  of  distances  11  12» 

—  motions  disturbed  72 
Saturn  67 

—  satellites  12 

—  rings  67  368 

—  belts  68,  368 

—  light  and  heat  7Q,  370 

—  motion  affected  72 

—  density  368 
Scale,  diatonic  166 
Scheele's  green  327,  335 
Scheelin,  scheelium  836 
Schist  or  schistose,  ^xt^rog 

schistos,  full   of  fissttret 
412 

—  argillaceous  416 
Schillar's  spar  414 
Scilly  Isles  478 
Scorlite  277 

Scope,  ^oTTcco  scoped,  to  lode  it 

Scrofula  235,  616 

Screw  105 

Sea,  leTeiof419,  479 

—  irruptions  of  478 

—  D^oii  269,  436 
-^  Red  dm 

—  Caspian  402 
Seasons,  astronomy  21 

—  wet  and  dry  177 
Sebacic  acid,  {sebum  tallow) 

677 
Seeds  659 
Seeing  631 
Secondary,  see  planets  and 

rocks 
Seleneum,  c^Xf^iri}  sel^ii^tke 

moon  277 
Selenite  453 
Sensorium  628 
Sebses  627  to  632 
Sennacherib  682 
Septaria,  seps  a  hedge  474 
Serpentine  413 
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Shale  421 

Shells  100,  572 

Shumah  146 

Shot  334 

Shipa,  distance  of  found  38 

165 
Sight  194, 195 

—  deceptions  196,  197 
Signs,  names,  Sc  characters  6 
Silica  or  silex  (flint)  280,  290 

—  soils  545 

—  in  rain  water  506 
Silicium  290  to  292 
Silk  572 

Silurus  606 

Silver  343  to  344 

Simoom  499,  521 

Sinew  577,  578 

Sirins  75 

Sirocco    (the    Syrian    wind) 

522 
Skiddaw  422,  425 
Skin  573,  592 
Slate,  roofing,  flinty,  talcous, 

chlorite  415 

—  drawing,  Yorkshire  416 

—  Stonefield  460 

—  Slate-clay  302,  446 
Sleep  628,  633 
Slicken-si  Je  429 

Slips  408,  455 

—  land  467 
Smalts  324 
Smell  629 
Smelting  314 
Smoke  246 
Snow  509  to  510 

—  melted    in    Switzerland 

126 

—  melting  regularly  129 

—  formation  130 

—  uses  of  131 
--  flakes  509 

Soap  283 

Soapstone  331,  304 

Soda,  fee  Alkalies  879,  282 


Sodalite234 


Sodium  282  to  283 

—  minerals  284 
Soil  541  to  549 

—  character  of  English  549 

to  554 

—  sandy  550- 

—  clay  552 

—  calcareous  553 
Solstice  sol  the  sun  and  ttatio 

a  standing  26,  28 
Solar  System  3,  4 

—  progressive    motion  78, 

355 
Solids,  motion  of  96 

—  elastic  102 

—  cohesion  .1 19 

—  transmit  sounds  160, 161 
Sonnini  513 

Sorrel  533 
Sound  159  to  165 
-—  velocity  160, 164 

—  transmission  162 

—  reflected  162 
'-  of  a  bell  168 

Soul  274,  634 
Southey  SL  231 
Space  3 

Spa,  see  mineral  waters 
Spars  264 

—  adamantine  296 

—  calcareous  306 

—  satin  421 

—  of  the  oolites  460 
Speaking  trumpets  163 
Specific  gravity  107  to  110  253 

—  of  ice  and  water  131 

—  accounted  for  310 
Spectrum  183 
Spectacles  195 
Specula  330 
Spelter  319 
Sphagnum  palustre  443 
Spheroid,  ^<pai(fa  tphaira,  a 

globe,  see  oid 
Spinal  marrow  596 
Spinelle  ruby  297 
Spirito542 

—  proof  93,  109 
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Spleen  590 

Spring,  see  fountains 

Squalls  513 

Stalactites,  graXa^co  stalazo, 

to  trickle  down  264,  305, 

311 

—  in  lavas  291 
Stamen  562 
Standard,  gold  340 

—  silver  343 
Starch  528 

—  test  for  iodine  235 
Stars,  fixed  2 

—  why  all   appear    at   the 

same  distance  4 

—  fixed,  described  74 

—  distance  75 

—  classed  76 

—  magnitude  76 

—  variation  77 

—  appearance    and   disap- 

pearance 77 

—  double,  &c.  78 

—  motion  of  certain  78 

—  clusters  79 

Statics,   gvavtxtj   statike,  the 

art  of  balancing  96 
Steam  120 

—  caloric  123 

—  mechanical      properties 

132  to  134 

—  power  of  133 

—  conducts  heat  137 

—  engine  133 
Steatite  301,  304 
Steel  315 

—  magnetic  374 
Steelyard  103 
Stile  change  of  36 
sails  541 

Stomach  571,  585,  587,  590 
Stones,  precious  286 

—  grow  525 
Stoneware  29^ 
Storms  141 

—  with  subsidence  of  earth 

479 

—  with  eruptions  from  the 


earth  508 

—  origin  510 

—  extent  513 

—  distant  phenomena  514 

—  effects  on  animal  econo- 

my 618 
Storm  glass  514 
Stratification  402 

—  exemplified  418 
Stratum  pi.    straU    (bed  or 

seam) 

—  identification  of  402 

—  horizontal  402 

—  direction  of  419 

—  above  chalk  472 
Stratus  (spread   about)  172, 

173 
Streamers  489 
Strontites  280,  289 
Strontium  289 
Stucco  475 
Stile  562 
Structure  307 
Substances,  two  classes  228 

—  simple    or    elementary 

205,  215,  253 

—  vegetable  230 

—  animal  572 

Suberic  acid  (suber  cork)  536 
Subsidences,  recent  478 
Succinic  acid  536 
Suffolk  crag  479 
Sugar  527 

—  fermentation  242,  538 

—  acid  of  533 
Sulphur  272  to  273 
Sulphates,  barytes  213,  273, 

288 

—  ammonia  260 

—  iron  272,  588 

—  lime  272,  301,  453 

—  potas  334 
Sulphuretted  hydrogen  271 
Sulphuric  acid  272 

—  combinations  213 

—  reduces  rocks  239 
Sulphurous  acid  271 
Sun  57  to  60,  368  to  872 
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—  in  arctic  zone  30 

—  apparent  diameter  47 

—  larger  tban  planets  50 

—  enters  the  signs  51 

—  black  spots  58,  368,  371 

—  similar  to  fixed  stars  76, 

79 

—  if  annihilated  81 

—  formation  of  348  to  350 

—  density  358 

—  light  of  370 

—  effect  on  flowers  367 
Supporters  of  combastion  272 

to  252 
Syenite  407,  429 
Snlphur  116 
Synthesis,  gvv  sun  with  St  gig 

thesis  a  position  205 
Sweetbread  587 


Talc  301,  303,  414 
Tallow  574 
Tannin  531  to  532 

—  in  peat  moss  443 
Tantalium  337 
I'antalite  337 
Tantalus'  cup  116 
Tapetum  192 
Tarras  424 
Tartar  534 

—  emetic  330 
Taste  604,  629 
Tea  536 

—  spoons  331 
Teeth  576 

Telegraph  Ttika  tele  at  a  dis- 
tance yQtXfjpcD  grapho  to 
write  202 

Telescopes,  see  tele  &  scope 
198  to  201 

—  Sir  W.  Herschel's  50 
Tellurium,  Te//ic<  the  earth  321 
Temperature  118 

—  measured  121  to  123 

—  of  atmosphere  141  to  147 

—  of  sea  and  land  142 


—  disproportion  of.  conti- 

nents 145 

—  causes  of  145 

—  of  combination  214 
—  animal  599 

Tendon  577 
Terminator  23 
'i'erra-del-Fuego  144,  519 
Terra  sigillata  304 
Thermometer,  Qiqiiog  thermos 
hot,  see  meter  121 

—  differential  122 

—  limits  of  124  to  147 
Therraoscope  122 
Thibet  147 

Thompson  on  light  180 
Thorax  (breast  or  chest)  589 
Thoracic  duct  585 
Thorina237,    280 
Thunder  164,  501 

— .  sound  of  169 

—  a  remarkable  storm  508 

—  almost  continual  520 

—  where  most  frequent  501 

—  bolt  501,  617 
Tides  53 

—  irregularities  55 
*    —height  of  56 

—  theory  of  88,  90  to  94 

—  stratification  419 
Tiles  294 

Time  of  day  on  the  globe  29 

Timepiece  121 

Tincture  543 

Tin  317  to  318 

Tin  glass  331 

Tincal  270 

Tisbury  oolite  464 

Titanium,  Titan  the  sun  322 

Toadstone  432 

Tombac  325 

Topaz  277,  296 

Toreda  navalis  475 

Torpedo  606 

Touch  628 

Tourmaline  217 

Tornado  495 

—  origin  611 
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Towers  85 
Trachea  681 
Trajans  bridge  290 
Transit  tranteo  to  pass  oyer  9, 

67,73 
Trap  (Swedish,  signifying  a 

stair  or  step)  429  to  433 

—  formation  407 

—  primitive  413 

—  components  413 

—  of  Bovey  Heathfield443 
Treacle  527 

Treadmill  104 

Trees,  devoar  caloric  146 

—  of  paradise  393,  394 

—  exhaust  the  atmospheric 
electricity  520,  564 

—  temperature  568 
Tropics  28 

Tufa  324 
Tnmoors  235 
Tune  168 
Tuning  166 
Tungsten  (heavy)  336 
Turbith's  mineral  333 
Turner's  patent  yellow  328 
Twilight  27,  30, 182 
Types  329,  330,  331 
Typhus,  vvqpM  tnpho,  to  raise 
a  smoke  or  to  inflame  621 
Typhon  496 

U 

Ultramarine  293 
Universe  77,  80,  394,  481 
Universal  Deluge  394 
Unison  165 
Upper- marine  formation  476, 

477 
Uranus,ot;()ai'oa  ouranos,  hea- 
ven 69 
•    —  satellites  12 

—  discovered  72 

-^  density  358 
Uranium  322 

Uran  ochre  323  i 

Uranite  323  ' 


Ureters  587 
Unc  acid  575 
Urine  614 


Vapour  120,  506 
Varnish  530,  574 
VegeUbles  131 

—  rays  of  light  362 

—  composition  of  325 

—  food  of  554 

—  restore  the  Tital  air  56B 

—  link    between    minerals 

and  animals  571 
Vegetable    productions    525 
to  527 

—  chemisCky  564 

—  heat  568 
Vegetation  556 

—  produces  cold  568 
Veins  580 

Veins,  metallic  300,407,  425 
to  429 

—  sources  of  411 
Ventricles,  veii/rtcii/tcs  a  little 

belly  579 
Venus  61 

—  transits  9,  73 

—  density  358 
Venus'  mouse-trap  570 
Verdigris  326 
Verde  Antique  414 
Verditer,  blue  326 
Vermilion  333 
Vertex  17 
Vestibule  171 
Vinegar  533 

—  aromatic  533,  609 

Vis  inertiae,  (the  power  of 

being  still)  95,  101 
Vital  air  230,  606 
Vitriol,  white  319 

—  blue  or  Roman  326 
Vitriolic  acid,  see  sulphuric 
Voice,  how  propagated  160 
VolU  223 

Voltaic  apparatus  223 
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Volcanic  prodacts  433  to  436 

—  ashes  form  blonds  506 

—  trees  in  ashes  656 
Volcanoes  433  to  136 

—  how  formed  250 

—  warning  of  eruptions  264 

—  depth  402 

—  sources  below  granite  411 

—  eruptions  484 

—  submarine  435 

—  are  in  lines  437 
with  earthquakes  493 

W 

Walker  163,  219 
Warming  Rooms  251 
Water,  part  of  this  planet  87 

—  surface  not  flat  68 

—  specific  gravity  107 

—  buoyancy   of    salt    and 

fresh  110 

—  pressure  of  110 

—  spouting  of  111 

—  clocks  111 

—  loss  of  caloric  119 

—  peculiar  laws  121,   129 

to  132 

—  caloric  of  123 

—  slow  conductor  of  heat 

126 

—  contains  air  130 

-^  expands   while  freezing 
131 

—  incompressible  and   in- 

elastic 132 

—  boils  in  vacuo  154 
^  chemical  properties  of 

—  formation  211 

—  decomposed  225 

—  composition  255 

—  how  formed  266 

—  in  minerals  256 

—  preservation  in  charred 

•casks  263 

—  mineral  waters  264,  464, 

459,  463,  467 

—  hard  water  -264,  273 

4p 


—  aniptioii6of508 

—  food  of  plaali  Mi 
Water  spotrts  407 

—  artificial  499 

—  hail  509 

Watson  on  evaporatioa  IM 

—  chemistry  206 

—  electrteiiy  619 

—  lime  286 
Watt  on  steam  123 

—  on  crystallizatMi  311 
Wax  530 

—  sealing  574 
Weather  127,  617,  618 
Weather  glass  151,  515 
Wedgwood  pyrometer  122 
Wedge  105 

Weight  ,107 

West  Indies,  climate  146 
Whale  581,  601 
Wheel  and  axis  103 
Wheat  558 
Whinstone  430 

—  dykes  411,  431 

—  Cleveland   or  CockfieM 

431 
Whinsill  431 
Whirlwind  496,  497 
Whisky  542 
Whispering  gallery  164 
Whitby  snakes  458 
Whiteswelling  615 
Will  o'-th'-wisp  274 
Will  694,  632 
Wind  137  to  141,  510  to  516 

—  regular  138 

—  trade  139 

—  use  of  149 

—  dry  150 

—  velocity  160, 164,  512 

—  second   cause  of  177 

—  with  earthquakes  494 

—  from    negative    surface 

508 

—  northern  lights  614 

—  temperature  617 

—  of  Africa  620 

—  poisonous  621,  622 


Digitized  by  VjOOQIC 


eee 


IHDK. 


Wind  of  Cross  Fell  623 

—  Alps,  Sec.  522 

—  pestilential  633 

—  on  diseases  622 
Windpipe  681 
Wine  639 

—  cooled  137 

—  poisonous  329 

—  spirit  of  341 
Witberite  288 
Woad  631 
Wolfram  336 
Wood  661 
Words  161 


Year  36 
Yeast  628 
Yttria299 


Yttrocerite  276 
Yttrocolombite  299 


Zaffire  324 

Zambeccari  163 

Zenitb  17 

Zirconia  280,  297 

Zirconium  297  to  299 

Zinc  318 

Zodiacal  ligbts  69 

Zodiac  (so  called  from  the 
living  creatures  in  it)  6 
—  stars  of  36 

Zone  ^oivf]  zone  19 

Zoophiles  ^mov  soon  an  ani- 
mal, q)viov  phnton  a  plant 
274,  670 


THE   BND. 


W.  Robinflon,  Printer,  StocktoD-upon-Tees. 
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